SCHOOL SCIENCE 
AND MATHEMATICS 


Vor. VIII. No. 9 Cuicaco, DecempBer, 1908 Wuo te No. 65 


SYMPOSIUM ON THE PURPOSE AND ORGANIZATION OF 
PHYSICS TEACHING IN SECONDARY SCHOOLS. 


The following symposium on the subject of the purposes and 
organization of physics teaching was arranged by the National — 
Commission on the Teaching of Physics as explained in ScHOOL 
ScIENCE AND MATHEMATICS for June, 1908, page 522. The con- 
tributions have been sent in in response to an invitation issued 
by the commission, and appear in the order in which they were 
received chronologically. Further contributions will appear in 
the next issue, and the entire series will be followed by an 
analysis of the content of the whole. Brief and pointed discus- 
sions of the articles in the syllabus will be welcome, and should 


be sent direct to the managing editor. 


I. By Prestipent NicHoLtas Murray BuTLer, 
Columbia University, New York. 


1. The topics chosen and the method pursued should be de- 
termined by the intellectual needs and interests of pupils of sec- 
ondary school age. College admission tests in physics should 
be made to depend upon the secondary school teaching of that 
subject, when properly organized and conducted, and not vice 


versa. 

2. The teacher should put out of his mind the thought that 
each pupil before him is aiming to become a specialist in physical 
science, or that the study of physics is his main interest in life. 
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Instead of following the logical order of topics as this would 
present itself to an expert physicist, he should follow the psy- 
chological order as this reveals itself in the natural working of 
an intelligent and curious mind of secondary school age. 

3. Physical science should not be presented as something 
fixed and definite, whose conclusions are final, but rather as a 
division of organized knowledge which is constantly expanding 
and developing and which has frequently, within historic times, 
corrected its conclusions in the light of later discoveries. To 
this end some outline of the history of physical science and of 
the time and order in which its fundamental laws were discovered 
and developed should be given to the student. Wherever it is 
possible to relate the discovery or new application of a physical 
principle to man’s other activities, this should be done in order 
that the student may be made to feel from the beginning the inti- 
mate relation between the laws and phenomena with which 
physics deals, and other human interests. In other words, the 
teaching of physics should be humanized. 

4. As a farther step in the humanizing of physics teaching, 


‘the pupil should be brought to know something of the men whose 


mames are epoch-marking in the history of physical science. 
Such names as those of Archimedes, Galileo, Newton, Kepler. 
Gauss, Young, Gay-Lussac, Davy, Faraday, Helmholtz, Kelvin, 
Torricelli, Ampére; Joule, Mayer, Fresnel, Galvani, Volta, should 
be familiar to the student, and he should be able to tell something 
of who these men were, when they lived, and what they did which 
causes them to be remembered in the history of science. 

5. By material drawn from the third book of John Stuart 
Mill’s Logic, or from Professor Jevons’s Principles of Science, 
the student should be made to understand the significance of the 
inductive method, of the verification of hypothesis and of the 
formulation of so-called laws of nature. 

6. The.ordinary standards for measuring time, space, weight 
and other characteristics, should not be taken for granted, but 
their origin and history should be made plain and their funda- 
mental principles discussed. Under this head I would include 
also the thermometer, the barometer, the microscope, the tele- 
scope, and the spectroscope. 

7. It is difficult for one not himself a physicist to make any 
profitable suggestions as to the subjects to be selected for pre- 
sentation to students of physics in secondary schools. In gen- 
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eral, however, it may safely be held that these subjects should be 
those general ones which relate in an elemental or fundamental 
way to matter and motion. The tendency observable in many 
school text-books to pursue these subjects into very refined and 
subtle inferences, is to be deprecated. Taught in this way the 
beginner loses his sense of peers and physics repels rather 
than attracts him. 

8. Far too much has been made in recent years of accuracy of 
measurement in the teaching of elementary physics. It is much 
more important to throw emphasis upon the descriptive aspects 
of the science and to feed the growing mind with food that really 
interests it and helps it to grow, than to pursue the will-o’- 
the wisp of training some imaginary power of habitual accuracy. 
Accurate measurements have their place in the teaching of ele- 
mentary physics, but that place is a subordinate one. The main 
task is to teach the constitution and behavior of matter, as it 
presents itself to the human power of perception, and the laws 
of motion as these have been observed and deduced, together 
with the relation of these to man and his activities. 


II. By Proressor E. A. Srronc, 
State Normal School, Ypsilanti, Mich. 


“What should be the aim of the course in physics?” I must 
confess to a cowardly impulse to shirk such general questions, 
as likely to begin in metaphysics and end in polemics. They re- 
mind me of that first question.of the Shorter Catechism: which 
used to be fired at us in Sunday School when I was a boy: 
“What is the chief end of man?” a question easy enough if only 
you know thé answer, but otherwise something of a poser. Now 
let me frankly say that I happen to know the answer to the ques- 
tion that introduces this paragraph. I learned it along with the 
Shorter Catechism. The aim of the instruction in physics ts the 
general educational aim. And if further questioned concerning 
this general educational aim, I think I could state it in terms of 
the ‘satisfaction of human needs and desires, as revealed in law, 
language, literature, institutions, etc. But if asked why the 
satisfaction of human needs and desires is a good I should give 
it up. Or, one may push the inquiry the other way and inquire 
not for the ground of the aim but for the method of attaining it, 
and again the answer seems easy so long as it is kept in the 
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vague. Method will appear in the nature of the learner and of 
that which is to be learned, in physics and psychology. Put 
in orderly array what is known about the natural world on the 
one hand, and on the other hand the interests of the boy at vari- 
ous ages and the community interests of the time, and it should 
not be difficult for the expert to make and justify a course of 
study. Only we must always give to “interests” its double mean- 
ing, what concerns as well as what appeals to us. 

Now such a discussion as that hinted at above is extremely fa- 
miliar to us all, only it does not seem to lay hold on realities to 
any great extent. I myself prefer to hint, in stating the aim, at 
the possibility of putting more power into the work by bringing 
in motive, feeling, impulse, tendency, especially community and 
national, to bear upon the work. I would make physics interest- 
ing by drawing the material of instruction from the juvenile and 
the neighborhood occupations of the time and place. Knowledge 
comes through the exhibition of the material of instruction. 
Make the work interesting, while still conformable to the great 
educational aim, by the choice of fresh and interesting material of 
instruction. This is no mean aim: to lure to further study; to 
make every pupil say: ‘We will hear thee again of this mat- 


” 


ter. 
But our professional literature is so flooded with clever gen- 


eralizations which have a rich meaning only to those who are 
rich in experience that the sight is not infrequent of a teacher 
who goes about his work humming one or other of these formulas 
while walking counter to them all. And so it is necessary to 
translate any statement of the purpose of the physics instruction 
into some definite word suited to the hour. At least, I find it 
necessary to say to myself continually: “See to it that your pupils 
have a meaning, a valuable and appealing content in the mind, 
when they talk. And then see to it that they express that mean- 
ing with accuracy. The linguistic side of the instruction is not 
unimportant but fundamental. Science is social and so essen- 
tially a matter of expression. When a boy is “reciting” is he 
describing a concept that he has formed in a legitimate way by 
observation, or is he groping about for one of many half-remem- 
bered formulas, which having little meaning to him has also 
little power to compel him to express a meaning? 
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III. By Proressor Joun F. tt, 
Teachers College, Columbia University, New York. 


1. Physics for high schools should consist of a well-organ- 
ized mass of useful information. 

2. In order that the amount of information may be consider- 
able it should be given for the most part “second hand.” 

3. The three means for giving this information, stating the 
more important first, are: (a) Illustrated lectures. (b) Study 
of text-book with recitations, and reading many references in 
books and magazines with written and oral reports. (c) Lab- 
oratory work, a small portion of which should consist of exact 
measurements. 

4. If this organized mass of useful information is acquired at 
the hand of a competent teacher, it will involve discipline and 
training. There is no occasion for the statement that high school 
pupils of to-day more than in the past require entertainment and 
avoid work. Pupils of all ages have a right to ask that work 
required of them should appeal to their best judgment as worth 
their while. 

5. While the physics teacher has a peculiar part to perform 
in the process of education which the teacher of no other subject 
can do so well, his task is not so absolutely unique as he has in 
some cases supposed, and the methods of instruction which are 
best in the treatment of other subjects are for the most part best 
for physics. 

6. Nothing has so retarded the progress of physics teaching 
as the idea that it is essentially a science of measurements and 
that its chief function is to train pupils in accuracy by means of 
exact measurements. A quantitative treatment with whole num- 
bers, so to speak, should run through much of the instruction 
in lectures, recitations and laboratory work, giving concreteness 
and therefore interest to the subject, but this is only incidental 
and of minor importance. 

7. Physics should not be presented as a catalogue of princi- 
ples, but rather as history, biography and the evolution of chang- 
ing ideas. The topics for study should be phenomena rather than 
laws, and principles should be presented only for the purpose of 
explaining some definite problems in life. 

8. Since all that has been said above applies equally to all 
general or first courses in physics whether given in high school 
or college, it follows that college admission tests should be the 
same as high school graduation tests. 
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IV. By Proressor Henry Crew, 


Northwestern University, Evanston, 


When one who has spent his entire life in a single field of en- 
deavor ventures to speak concerning proper motives and methods 
for those working in another field, he is quite liable to utter either 
platitudes or arrant nonsense. It is therefore with the double 
understanding that I have had no experience in secondary teach- 
ing and that my present task is not self-imposed, that I dare to 
express the following views concerning the purpose and princi- 
ples of teaching physics in the high school. 

The fundamental purpose of physical science in secondary in- 
struction can, however, hardly be other than “training for 
power ;” by which is meant that training which will enable the 
student to grow in the power of clear thought and vision, train- 
ing which will cultivate in him a healthful respect for the essen- 
tial facts of the case, and will lead him to respond reasonably and 
ethically to every circumstance which confronts him. 

The considerations which persuade so many high school prin- 
cipals to introduce physics into the secondary curriculum are 
doubtless nearly, if not quite, the same as those which lead to a 
widely expressed preference, on the part of college authorities, 
for physics as an entrant science. When we confine our atten- 
tion to the phenomena of matter, as distinguished from mind, it 
is evident that the two great pillars of material science are 
physics and biology. Of these the philosophers tell us that 
physics is the simpler and more fundamental. Physics being also 
much wider in scope than the other sciences of its own group, as 
for instance chemistry, geology, or astronomy, is better adapted 
to those students who in the high school are able to pursue but a 
single course in science, this course being for many of them not 
only their first, but also their last, experience in the laboratory. 

Now a science which is at once so simple, so fundamental, so 
teachable, so intimately concerned with what we call “modern 
civilization,” so capable of accurate treatment and so easily fol- 
lowed by the individual student at his private table in the labora- 
tory, as is physics, is eminently adapted for “training in power,” 
and has a purpose in the high school which is almost self-evident. 

1. In the accomplishment of this high purpose the first con- 
dition of success refers to the instructor. For without the pos- 
session of high ideals and accurate scholarship it is difficult to 
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see how any teacher can efficiently aid hi§ students in the devel- 
opment of power. An instructor devoid of these qualities may 
stand by and observe the growth of his pupils; but this growth 
will occur rather in spite of him than because of him. 

That environment which will allow the lad to grow steadily 
and healthfully by his own effort must be scholarly and high- 
minded. 

2. A second condition for the success of this fundamental 
purpose refers to both the matter and the manner of presentation 
which for the moment are inseparably connected. These must 
be such as to convince the average good student that he is at 
work upon something which is really vital to his present and fu- 
ture best interests. 

It matters not whether the topic be practical or theoretical, 
whether disciplinary or entertaining; it must, in any event, be 
worth while. Touching our daily life as closely as it does, 
physics allows us to realize this condition as easily perhaps as 
any other subject in the high school curriculum. 

3. Is it not also a condition of success that we look far beyond 
the present and aim to make the presentation of physics such 
that it will remain with the student throughout life as an example 
of correct analysis and clear reasoning? The project is certainly 
ambitious. The more so since the end must be attained generally 
without the student’s conscious knowledge of the process. But 
the possibility of success has been demonstrated time and again. 

Closely related with this is another worthy object, namely, 
the cultivation of a keen sense of responsibility. “What is the 
great word?” Colonel Parker used to ask his little folks; in re- 
ply to which they would all pipe up, “Re-spon-si-bi-li-ty !” 

Every physical laboratory should be a spot which the future 
man may look back upon as, at least, one of the places where he 
learned that the really serious matter in life is to meet each in- 
dividual responsibility as it comes along. Here he must learn 
to avoid the expression—or at least the habitual expression—of 
what is called, in Colorado, a “horseback opinion” ; in Chicago, 
a “curbstone judgment.” 

4. Lastly, it must not be forgotten that accuracy and order 
are the first steps toward morality. These are learned from no 
book. A course in physics is what it is, not in virtue of text or 
laboratory equipment, but in consequence of the teacher’s spirit. 
Accuracy and the power of close observation go hand in hand. 
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It is, indeed, quite as much a matter of accurate discrimination 
to omit irrelevant facts and figures as to include all the significant 
ones. 

To see the essentials and see them clearly is for teacher and 
taught alike a worthy ambition. 


V. By H.L. Terry, 
State Inspector of High Schools, Madison, Wis. 


You ask, “What should be the purpose of the instruction in 
physics in the secondary schools?” 

The great purpose should be to bring the pupil to understand 
as fully as possible the laws and principles underlying the natural 


phenomena constantly taking place about him. We should first’ 


of all teach how physical phenomena take place and the princi- 
ples which seem to be manifested in the phenomena. 

The explanations of the teacher, the study of the text, the 
laboratory experiments and concrete mathematical problems 
should all have as their object the accomplishment of this end. 
We must, of course, deal to a greater or less extent with quanti- 
tative relations, but the closely accurate quantitative study must 
follow the above and be strictly subordinate to it. 

In contrast with this purpose is that which has a large number 
of followers, but which, I believe, is mainly responsible for the 
unsatisfactory condition of the subject in our high schools; 
namely, that physics is in its nature an exact quantitative science ; 
that it is the only such science in our high school course and 
should, therefore, be treated quantitatively. When this purpose 
is in view it leads to the use of absolute units, closely accurate 
measurements, extended application of formulas and involved 
mathematical operations unprofitable for the great majority of 
pupils of high school age. It results in mechanical work without 
a real appreciation of what is being done and creates a dislike for 
the study instead of a genuine interest in it. 


VI. By Proressor H. N. CHuTE, 


High School, Ann Arbor, Mich. 


It ought not to be necessary in these days of great advancement 
along all educational lines to discuss the purpose of the study of 
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physics in our secondary schools. For twenty-five years, both 
in conference and in educational journals, the problems of sci- 
ence teaching have been discussed from every conceivable and 
inconceivable point of view, and if anything new remains to be 
said, it would be difficult to determine what that could be. 

I wish it to be understood at the outset of this discussion that 


lam not one of those who would have us believe that the teaching 


of physics is universally in a very bad way, that the courses of- 
fered in our schools are little better than barren wastes, utterly 
without value in any direction, that our classes are wholly with- 
out enthusiasm, and that our text-books are only fit for schools 
for the feeble minded. On the contrary, I maintain that at no 
time in the history of science teaching have such sane methods 
been used, and has such effective work been done, as our schools 
are doing at the present time. Never before were there so many 
enthusiastic, wide-awake teachers as now, and still it is equally 
true that at no time has the success of the work in physics been in 
greater danger than at the present, through the persistent de- 
claiming in conference and in magazine over the horrible condi- 
tion of physics teaching by a few apparently given to many 
words and little wisdom. And as you might expect, each of these 
complainers has a remedy to offer, guaranteed, if tried, to effect a 
thorough cure. These are a few of the prescriptions: Cut out 
all mathematics; eliminate all quantitative demonstrations; let 
the pupils work with rough and crude apparatus for fear that 
they would not appreciate the finer and more delicate if they ever 
have an opportunity of using such. One would sacrifice accur- 
acy and perhaps add some Munchausen features, if necessary, to 
develop interest ; would abandon the idea of teaching physics for 
mental discipline, and would make it wholly an informational sub- 
ject, a collection of wonders to be admired, and, if possible, re- 
membered. Another tells us that our teaching is a failure be- 
cause pupils after a forty weeks’ course cannot explain correctly 
many of the commonest phenomena of nature, and fail to observe 
so many of the little things that take place around them. In this 
connection I am reminded of the following incident that may 
help us see this objection in its actual value: ““How many seed 
compartments are there in an apple?’ queried the school in- 
spector of the class before him. No one knew. ‘And yet,’ said 
he, ‘all of you eat many apples in the course of a year, and see 
the fruit every day. You must learn to notice the little things 
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in nature.’ The teacher next day overheard this conversation: 
A little girl had gathered a number of her companions about her 
and was playing school. She was heard to address them as fol- 
lows: ‘Now, children, just s’pose that I am Mr. Inspector. 
You’ve got to know more about common things. If you don’t 
you'll all grow up to be fools. Now tell me,’ she said, looking 
sternly at a playmate, ‘how many feathers has a hen?’ ”’ 

The critics of present methods would also have us believe that 
because the classes in physics are not crowded, therefore, the 
methods are at fault. They take their statistics from schools 
where physics is optional and fail to discern the signs of the 
times. Never before has the social life in our schools made such 
large demands on the pupils’ time. In these days, a pupil is fre- 
quently asked to spend two or three afternoons per week in at- 
tendance on athletic functions; to be up-to-date he must be a 
member of some club, fraternity, or clique and devote many hours 
per week to promoting its interests; he must interest himself in 
class politics, get a place on one or more committees, attend the 
numerous class socials, and so on indefinitely. 

It would seem that if physics is to be studied for any purpose 
worthy of mention, it of necessity must demand of the pupil much 
of the time that he now devotes to these various things mentioned 
above, and the consequence is that when physics is not compul!- 
sory he cuts it out of his course, and where it is compulsory, he 
enters upon it under protest. Few pupils study any subject from 
a firm conviction of its value. They have not reached that stage 
of development where sound judgment plays any serious part in 
their choices. It will be remembered that as soon as Greek was 
made optional for admission to college, it disappeared almost 
entirely from the curricula of our schools for want of pupils de- 
siring to study it. Is it now in order to announce that the large 
decrease in the number of pupils studying Greek is due to the 
unattractive and unpedagogical method of teaching it? Let 
solid geometry, algebra, or any other subject bristling with 
difficulties and exacting much time from the pupils be made op- 
tional and you will witness a similar falling off in attendance on 
classes in these subjects. The kindergarten spirit has struck 
our secondary schools, boys and girls must be amused, must be 
coddled and given a good and easy time in school or the up-to- 
date parent will know the reason why, and teachers will be ar- 
raigned at conference and in journals for starving their poor 
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minds, torturing them perhaps before their time, giving them 
bread when their cry was for candy. 

Why should the purpose of teaching physics be in any way 
different from that of teaching any other subject, namely, that of 
training the mind in all directions in which it may be called upon 
to act? It is true that all subjects do not have equal educational 
value, equal possibilities for mental discipline. But of Physics 
it can be said that its reach is as far, if not farther than that of 
any other subject, touching as it does eye, hand, memory, and 
reasoning powers alike and in a most effective way. 

I would teach physics for its informational value, for its mag- 
nificent training through the laboratory in the systematic doing of 
things, for its cultivation of the imagination in grasping its beau- 
tiful theories, for its usefulness to the individual in the affairs of 
life, and for the happiness that the knowledge of the “how” and 
the “why” of things about him must confer upon the possessor. 
A gifted teacher has said, that “it is through Physics that we may 
view and understand a great deal about the various parts of this 
complex and wonderful universe. It makes manifest to us so 
many of its laws, discovers its wonderful harmonies and displays 
the wisdom and omnipotence of the all-wise Creator. It is in 
these far-reachings of the mind that the imagination has full scope 
for its loftiest flights and ample space for its fullest exercise. It 
is not led astray by any false ideal nor fed by any illusive vision, 
but is ever directed by the firm principles of reason, and in its 
revelations the ideal and the real are united by the fixed laws of 
eternal truth.” 

It thus appears that there are at least two important aims in 
teaching physics: first, to give interesting and at the same time 
useful information about the facts of the material universe, and, 
secondly, and the more important of the two, to develop the 
pupil’s powers of observation, to train him to work systematically 
and intelligently, to record facts accurately, neatly, and intelli- 
gibly, and to reason from facts observed to general underlying 
principles. To bring these things about much care and thought- 
ful study must be bestowed on the method of presentation, the 
teacher must know his subject both theoretically and experi- 
mentally, he must be able by simple illustrations successfully pre- 
sented to make difficult conceptions clear, dry parts attractive, 
and the whole subject a delight. Cutting out the mathematics 
will not do it, for the backbone is gone; omitting mechanics will 
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not do it, for then explanations of phenomena become largely 
impossible; dropping quantitative work will not do it, for then 
the pupil will have no proper appreciation of the way in which 
the science grows and will think of it merely as a jumble of amus- 
ing phenomena. A live and well-informed teacher can make 
mathematics interesting, quantitative experiments entertaining. 
and the whole subject attractive as well as instructive without 
resorting to Leyden jar methods to command interested attention. 
In these days of excellent apparatus at moderate prices, there is 
no sufficient reason for schools not being well equipped and the 
work in physics put on a plane such as | have indicated, provided 
superintendents, principals, and school boards are fairly disposed 
and will measure the science teacher’s time with an equitable 
rule and place a just valuation on the service he is expected to 
render. 


A PRESSURE TUBE FOR MEASURING THE PRESSURE IN 
WATER PIPES. 


A graduated Torricelli’s tube of 100 c.c. capacity is used. A rubber 
tube attached to the faucet is allowed to fill with water, the faucet 
closed and the open end of the graduated tube pushed into the rubber 
tube and tied tightly. After placing the glass tube in a vertical posi- 
tion and opening the faucet, the air in the graduated tube is com- 
pressed and by means of Marrotte’s law the water pressure at once 
read off. 

The water level is often in constant motion due to the use of water 
at other outlets. 


In a muffle furnace the temperature in the center is lower than near 
the walls. This fact caused a peculiar error in a factory which for- 
merly used muffle furnaces and then introduced the electric furnace. 
In the muffle furnace the temperature for hardening the different kinds 
of steels had been carefully determined in the central zone of the 
furnace. When the same temperature was then produced in the electric 
furnace it was found to be not sufficient for hardening. The reason 
was that the former temperature determinations in the muffle furnace 
had been made in the center, while the steel parts to be hardened 
(teeth, edges, etc.) were near the walls. Since near the walls of the 
furnace the temperature was higher than that measured in the center 
of the furnace, the measured temperature did not give the correct 
hardening temperature. For the electric furnace with its absolutely 
uniform temperature, a higher temperature had, therefore, to be em- 
ployed than existed in the center of the muffle furnace. 
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THE MACHINE WITH FRICTION. 
By Francis E. NIpPHER, 
Washington University. 

In text-books on Physics the pulley and inclined plane are dis- 
cussed on the theory that they are frictionless. This seems to me 
to be needless even in the work of the high school. 

I present a discussion which has been used for many years in 
my laboratory instruction. 

The force P required to slide a body on a horizontal surface is 
P=f R, where R=weight of the body f=coefficient of friction. 
In general R is a force at right angles to the surface of contact 
and P is at right angles to R. 

By reason of such frictional contacts every machine for trans- 
mitting energy delivers less than it receives. 

Let P and p represent force applied to any machine, and dis- 
tance over which the force is exerted. Let R and r be the force 
delivered and the distance over which it is exerted, r and p be- 
ing simultaneous values. 

Evidently the work applied is equal to the work delivered plus 
the work lost in friction, when in uniform operation. Let I= 
lost work of friction. 


It is evident that the ratio r/p is a fixed quantity for any given 
machine. It depends on the gearing. Eq. (1) may be written: 
r 


i= By 
Experiment shows that P/R is also a constant for any ma- 
chine. It follows that i is constant. It may be called the fric- 
tion constant for the machine. 
Similarly if R is the driving force 


In (1) and (2) it is as- 
sumed that the machine is 
first adjusted to uniform mo- 
tion and that P and R are the 
loads or forces added after 
such adjustment. 
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For the inclined plane where P is parallel. to its surface as in 

Fig. 1 and @ the angle of inclination, 
P — R’ = fR”. 

Here R’ and R” are components of the force R, which is the 
weight of the mass on the plane. By similar triangles, h, /, and 
b, being height, length and base of plane the last equation be- 
comes 


Hence the friction constant is 
b 


If the body moves uniformly down the plane against the pull 
P: (P being diminished to P:) 
R' — = /R' 
A b 
7R=HS7R+P 


By (3) 


R 


Eliminating e in these two equations and solving for 7’ 

sin a (sin a — / cos a) 

The relation between the constants for direct and reversed 
action is by (5) and (6) 
(sin a — 7) sina * 


In a similar way when the applied force P acts parallel to the 
base, as in the screw we have for direct driving 


(8) 


: = cos a (cos a — /sin eee 


For reverse action 


(9) 


The same treatment may be applied to shafting. 

Let a shaft of radius 7, be supplied with two pulleys of radii 
rgand7;. The loads in the form of weights R and P are to be 
applied to these pulleys. Let Po be the weight onv; which will 
drive shaft alone at uniform speed. The shaft slips in its bearing 
on a line such that a plane tangent to the shaft in that line will 
make with the horizontal plane an angle that tan a=f. The 
moments balanced on this line will be 


— 
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Po (v3 — sin a) = mr, sina..............(10) 
where m is the weight of shaft and pulleys. Additional loads 
P and R are added to the pulleys. These additional balanced 
moments are 


P (#3 — sin a) = R + Sin a), 
Since sina = Wee the last equation may be written 


P _mtnsine _ 


3y Eq. (2) we also have 
P 
By (11) and (12) 


Vi+/? 
In a similar way for reversed driving 
ri (r3 + 72) 
Vo (12 V1+f?-n/f (14 
These equations were tested by means of a shaft mounted in 
wood bearings and provided with a single pulley. The weight 
R was hung on a cord 0.2 cm. in diameter. The diameter of 
the shaft was 3.05 cm. and that of the pulley was 30.0 cm. 
Let Ps=Po+P of Eqs. (10) and (11). 
Let R, be the corresponding value for reverse driving. Then 


Ps = Py + + i) (15) 
R, = Ryo + (7 +4 i’) (16) 
These equations represent two straight lines shown in the 
diagram. ° 


These lines intersect at some 
point a. Here the machine 
will run either direct or re- . 
versed with the same forces P” gw /| “a 
and R”. It is then a friction- R 
less machine. P” and R” are ) 
both negative. The shaft and 
pulley are in fact hung on the \ 
two cords and no contact ex- 
ists in the bearings. If m = Fig. 2 
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the weight of the shaft and pulley we have—(P’+R”)=m or 

This is the equation of the line b c in the diagram. It makes 
an angle of 45° with the axes of P and R if these values are 
plotted to the same scale. A line through the origin which cuts 
line b ¢ at the point of intersection of the two lines represented 
by Eqs. (15) and (16) is the line representing the action of the 
frictionless machine. For this line 


if correction be made for the thickness of the cord. The smaller 
cord was a bundle of silk fibers, and needed no correction. 
For the numerical values we have 


The reciprocal or 2 = 9.26. 


The following observations were made, the values P; and R, 
being the means of values obtained by changing the cords from 
one side to the other of pulley and shaft. These independent 
values differed by from one to three per cent. 


DIRECT REVERSE 
124 0 0 1382 
1135 8165 587 8165 


For direct driving the observations give two equations from 
which 


r) 


Similarly for reverse driving 


P, = 124 + ¢ = 0.1238. 


Ry = 1382 = 11.56. 


The equations for the two lines (15) and (16) are 


P3 = 124 + 0.1238R 
R, = 1382 + 11.56P. 
In these equations if we make P, = P and R, = R we have by 


elimination the codrdinates of the intersection, P’==-—684.1 
R’=—6528 


P 
4 
1.52 + 0.1 
tane= = 0.108 
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Hence 
P 684.1 
R 6582: = 09-1048 


The reciprocal of this value is 9.54. This value differs some- 
what from the value determined from the radii of shaft and 
pulley as given above, and is undoubtedly more accurate. 
Adopting this as the ratio of motion we have 

1=0.1238—0.1048=0.0190 

=11.56—9.54=2.02 

In Eqs. (13) and (14) we must make m=n. If we make 
13 
0.1048 and = = 9.54 
these equations become on solving for f. 
f= = 0.163 

f= = 0.162 

These two determinations of f are wholly independent of each 
other. 

It will be observed that the determined values of P” and KR” in 
Eq. (17) give for ma value 7212. The pulley and axle weighed 
6624 grams. This difference is accounted for by very slight 
errors in the slope of the two lines for direct and reverse motion, 
which make a small angle with each other, and which have a 
small slope. This would result in rather large possible errors in: 
the sum of these quantities without materially affecting their 
ratio. 

By making P§=P=P” and R§=R=R” in Eqs. (15) and 
(16), and remembering that P”/R”=n/r it may easily be shown 
that 

By Eqs. (15) and (16) and (17), making Pgs=P=P” and 
R,=R=R’ in the former the values of P” and R” are easily seen 
to be 


+ 73 = 7, + 73 
Also that 
r; fm 
ft-nf 
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The last equation also follows from Eq. (20) by making 
m—n, It will also be seen (19) that 8 is identical with (10). 
From this equation (20) 

Ro 

By means of this equation the coefficient of friction of the shaft 
on its bearings may be determined. It is only necessary to de- 
termine the weight m of the shaft, and the driving load Ro. The 
load should, however, be carried on a thin ribbon, in order that 


rs may be really no greater than m. 


AN ALWAYS READY SIPHON. 


A U tube (chloride of calcium tube) with a small tube sealed into 
the bend is used. The smal! tube is closed by a piece of rubber tubing 
and pinch cock. Both ends of the U tube have tied over them about 
three layers of fine muslin, through which water will flow quite rapidly. 
By placing the muslin covered ends under water and sucking on the 
unclamped rubber tube the siphon is filled and after closing the p:neh 
cock it may be moved about, hung up or laid down without the water 
flowing out. 

As soon, however, as one arm of the vertical siphon is partly iim- 
mersed in water, the latter begins to flow from the other arm. This 
device is useful in bringing to the same level liquids in two cylinders, 
to protect a cooling bath into which water is constantly running from 
overflow, and to remove water from the surface of mercury in a dish, 
when inclined.—Chemiker-Zeitung. 


THE PRODUCTION OF FULLER’S EARTH IN 1907. 


Fuller’s earth, a very absorbent clay that was first used for taking 
grease spots out of cloth, is now used in the United States chiefly for 
clarifying oils. 

Florida furnished nearly seventy per cent of the entire output of 
fuller’s earth in the United States in 1907. Arkansas, Georgia, South 
Carolina, Massachusetts, Colorado, and Texas also contributed to the 
production, ranking in the order named. The total production of the 
United States in 1907 was 32,851 short tons, valued at $291,773, the 
largest production and value yet reported. The imports were 14,648 
long tons, valued at-$122,221, the largest quantity imported in any one 
year since 1903 and the largest recorded value in any year. 

An advance chapter of “Mineral Resources of the United States, 
calendar year 1907,” on the production of fuller’s earth, by F. B. Van 
Horn, just published by the United States Geological Survey, furnishes 
the statistics reported. The paper contains a discussion of the causes 
of the bleaching power and clarifying action of fuller’s earth, a question 
that is of considerable interest to chemists.—U. S. Geological Survey 
Bulletin. 
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AN APPARATUS FOR PLOTTING MAGNETIC FIELDS OF 
FORCE. 


By E. J. Renprorrr, 
Lake Forest Academy, Lake Forest, [il. 


One of the standard experiments in the physical laboratory of 
secondary schools is the plotting of magnetic lines of force. 
This is generally done by soaking a piece of a paper in paraffin, 
allowing it to dry, placing the magnets on the hardened paper 
and then scattering finely powdered iron filings over the field. 
The application of heat melts the paraffin and sets the filings. 

This is a poor method’ for large fields, where the magnetic 
force is weak, and seldom brings out the critical zones, except 
when they occur near the poles of the magnets. 

A much more satisfactory, though slower, method is by means 
of the apparatus illustrated in Figs. I. and II. A small agate 
bearing magnet, about 2 cm long, is pivoted on the needle F. 


f 
3B 
D B 
Fie. I. Fic. II. 


One end of the magnet swings over a divided scale c and when 
directly over the center of the scale the other end is above the 
hole B. A is a short, sharp needle point and D a convenient 
support for moving the base of the apparatus. 

On a piece of paper about two feet square adjust the various 
magnets, pieces of magnetic and nonmagnetic metals as desired, 
and draw their outline. Also mark the cardinal directions on 
the paper. Place the apparatus anywhere on the paper, pushing 
the point A well into it. Revolve the base until one end of the 
magnet is directly over the zero of the scale (and therefore 
above the point A) and mark the hole B with a sharp needle 
point. Now move the needle A to the former position of B and 
continue as before. In this way the entire field can be plotted 
and the critical zones accurately determined. 
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THE MONUMENT TO ROBERT BUNSEN. 


By NicHoLas KNIGHT, 
Cornell College, Mount Vernon, lowa. 


Some four or five years ago an appeal was sent out to the 
members of the German Chemical Society asking contributions 
for a suitable monument to the memory of Robert Bunsen. The 
monument was to be erected in Heidelberg, where the great 
teacher and investigator had labored so successfully for thirty- 
seven years, from 1852 to 1889. The admirers of Bunsen 
throughout the civilized world generously responded, and with 
some assistance from the city of Heidelberg 70,000 marks were 
contributed for the memorial. 

The monument was unveiled on August 1 of the present year. 
It consists of a life-size figure in bronze of the distinguished 
scientist, representing him as he appeared in 1859, about the 
time that he and Kirchhoff invented the spectroscope. In one 
hand he bears a manuscript, as if about to deliver a lecture. A 
flight of a few steps leads from the street to the monument. On 
each corner of the monument plot nearest the street is a colossal 
figure of white granite from the Black Forest, one representing 
the known sciences, and the other science awaking. The monu- 
ment is not far from the Heidelberg Chemical Laboratory, a 
part of which was constructed under Bunsen’s supervision, and 
was afterward added to by his illustrious successor, the late Vic- 
tor Meyer. The designer of the memorial is Professor H. Volz 
of Karlsruhe, and from an artistic standpoint it is a meritorious 
work, 

The exercises connected with the unveiling were simple but 
interesting and impressive. Music was furnished by the city 
orchestra, led by Professor Grau. Professor Theodore Curtius, 
the director of the Heidelberg laboratory, the successor of Bun- 
sen and Victor Meyer, as a member of the monument committee, 
gave an interesting detailed history of the enterprise. Professor 
Bernthsen, representing the industrial chemists, spoke at length 
of the great debt applied chemistry owes to the investigations 
of him to honor the memory of whom they were assembled. He 
spoke of Bunsen’s contributions to industrial chemistry by the 
spectroscope, by his discovery of important technical analytical 
methods, by his work in volumetric analysis, contributing to the 
subject a new chapter on iodimetry; by his studies in gas analy- 
sis; by his improved methods of iron production, and by his sep- 
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aration of various metals by electrolysis. Bernthsen was for- 
merly a student and colleague of Bunsen, and he could speak 
with some authority. The mayor, Dr. Wilckens, accepted the 
monument in the name of the university city. Representatives 
of the German Chemical Society and a score of similar organi- 
zations deposited upon the monument laurel wreaths and other 
floral tributes suitably inscribed, as a mark of esteem for the 
man who so ably served his day and generation. Besides the sci- 
entific organizations, many of the German universities and tech- 
nical schools sent their representatives and floral offerings to do 
honor to the occasion which proved a notable day in the history 
of the city. The exercises were largely attended, and several 
members of Bunsen’s family were interested spectators. 

Bunsen was not only one of the foremost scientists of his day, 
but he was a good citizen and an amiable man, beloved by all 
classes. He received many honors in his lifetime. The name 
of the street on which he lived during the ten years that he was 
professor emeritus was changed to Bunsen Strasse—rather an 
unusual honor, but one richly deserved. 

Bunsen came to Heidelberg as professor at the age of forty- 
one. During the thirteen years previous, he had served the uni- 
versities of Breslau and Marburg, at both of which his work 
justified the expectations that were realized at Heidelberg. 

Some of the visitors to the unveiling ceremonies wandered to 
the cemetery of the old university town on the Neckar, and 
sought out the grave of the great scientist. The monument is 
plain and simple and bears a simple inscription. The mound is 
covered with rhododendrons. Not far away is the granite block, 
almost overgrown with ivy, which marks the last resting place 
of that other world renowned scientist, Victor Meyer, the worthy 
successor of the immortal Bunsen. 


A SIMPLE METHOD FOR DETERMINING THE EQUIVALENT 
WEIGHT OF SODIUM. 


By M. BLANCHARD, 
DePauw University, Greencastle, Ind. 
One of the laboratory exercises usually assigned students of 
general chemistry early in their course is the determination of 


the equivalent weights of some of the more common metals. In 
order that the results may be used subsequently in introducing 
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the idea of valence, zinc and aluminum are commonly chosen, 
their equivalent weights being obtained by collecting the hydro- 
gen evolved when a given weight of the metal is dissolved in an 
acid. 

In order that a more complete series may be obtained, it is 
evident that the equivalent weight of such a metal as sodium 
should be added to the list. The decomposition of water by a 
given weight of this metal is the method naturally suggested, 
but owing to the difficulty of weighing accurately small quan- 
tities of sodium and to more or less danger connected with its 
use, the experiment is not usually attempted. One way out of 
the difficulty is to follow the old suggestion of Davy, that is, to 
make an amalgam with mercury, weigh out a definite amount of 
the amalgam, bring it in contact with water in a suitable vessel, 
collect the hydrogen, and determine the weight of the sodium 
by drying and weighing the residual mercury. The weight of 
the sodium is found by taking the difference between the weight 
of the amalgam and the weight of the mercury recovered. 

A much more convenient method is the one described below. 
It has the merit of simpiicity, it is easily manipulated, is quite 
accurate, free from danger, and can be completed in a few min- 
utes. 

Select a smooth piece of ordinary tin foil about 4 cm. square 
and weigh it accurately. Cut off a piece of sodium approxi- 
mately 5 mm. square and 1 mm. thick, press it quickly two or 
three times between filter paper, trim off any corroded edges 
with a sharp knife and quickly wrap it tightly in the tinfoil, 
pressing down the corners so as to exclude all air. Weigh the 
tin-foil with the sodium. The difference between this and the 
previous weight gives the weight of the sodium. 

Fill a 100 cc. eudiometer with distilled water, invert it in a 
100 cc. porcelain dish and clamp it so that its mouth is about 
I cm. above the bottom of the dish. Slip the tin-foil containing 
the sodium under the mouth of the eudiometer, withdraw most 
of the water from the dish, and with a sharp pointed instrument 
(file) slightly bent near the sharp end, make a small puncture 
in the tin-foil. In a minute or two make another puncture if 
necessary. After it is certain that all the sodium has reacted 
with the water, determine the volume of the hydrogen in the 
usual way, calculate its weight and from it calculate the equiva- 
lent weight of sodium. The result will be found quite satisfac- 
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A LABORATORY EXERCISE ON THE EFFICIENCY OF A 
SMALL MOTOR. 


By N. F. Smiru, 
Olivet College, Olivet, Mich. 


An exercise on the study of a small electric motor is commonly 
included in the high school course. Unless carefully handled, this 
exercise is liable to degenerate into mere play. In the course 
given in the Olivet Preparatory a quantitative determination of 
efficiency has been included in this exercise. Without being 
especially difficult, this has proved to be one of the most profitable 
experiments in the course, and one in which the students are 
most interested. It has been performed as follows: 

The pulley on the shaft of the armature is removed and a 
thread one or two meters in length is attached to the shaft by a 
bit of wax. A suitable weight is hung from the end of the 
thread. As the armature revolves the thread is wound on the 
shaft and the weight is lifted. An ammeter and volt-meter are 
used to measure the current and electro-motive force respectively. 
The motor is started and the time required to lift the weight to 
a given height is measured by a stop-watch. At the same time 
ammeter and volt-meter are read. To accomplish this four per- 
sons may to advantage work together. The product of the cur- 
rent in amperes times the E. M. F. in volts times the time in 
soconds gives the energy supplied in joules. The product of the 
weight in grams times the height in centimeters times 980 times 
10— gives the work accomplished in the same units. The quo- 
tient gives the “commercial efficiency.” 


Coal, when exposed to the action of the air, loses from 2% to 10% 
of heating power. This deterioration continues about 5 months, de- 
creasing in amount during this time. 


The pig-iron production of the United States for 1907 is placed at 
25,781,361 tons, as compared with 25,308,191 tons in 1906. The Canadian 


production was 581,146 tons in 1907, against 541,957 tons in 1906. 


By adding 0.01% of aluminum to molten steel. blistering and fissuring 
iu the ingot is readily avoided. The aluminum absorbs the oxygen 
present and makes the steel very fluid by disengaging heat. 
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SCIENCE TEACHING IN SCHOOLS. 
By ArrHur S. DeEwInc, 
Harvard University. 
A study in the relation of science teaching to the general problems 
of education. 
(Continued from the November issue.) 


III. Science Teaching and the Laboratory Method. 


Until comparatively recent years the sciences were taught 
throughout our schools by means of the old text-book system. 
Even as late as 1898 it was possible for a student to enter Har- 
vard College by presenting himself with a text-book knowledge 
of descriptive astronomy and a little physics. This represented 
the general attitude toward science teaching throughout the 
schools of the country. Some years ago Harvard was in the 
forefront of the movement to replace the old text-book method 
of teaching the sciences by something more vital and significant. 
This was over a decade ago. The movement toward the labora- 
tory method of teaching the sciences, which had been gaining 
ground for the twenty years before, is now universally recog- 
nized, at least in theory. An acceptance of the laboratory method 
in theory, however, is a far different thing from its practical 
application. So much has been said against the old text-book 
method and so much in favor of the laboratory method that it 
is quite the fashion to speak of one’s teaching as if imbued 
with the spirit of the new ideas. A few lecture room experi- 
ments do not constitute a laboratory course, nor even a few ex- 
periments performed by the pupils themselves with an im- 
patient teacher at their elbow to tell them what will happen in 
the test tube or what organ will presently come into view. Some- 
thing more than the mere name, something more than pupils 
trained to imitate their teacher, is implied by the laboratory 
method of teaching the sciences when this is rightly understood. 

The defects of the old text-book method of science teaching 
have been so often reviewed that it is hardly necessary to recur 
to them. Text-books have no imagination. Their facts are pre- 
sented with as much certainty as if the author had intercourse 
with the Deity. The effect on the fertile imagination of young 
students is deadening in the extreme. Science becomes a lifeless 
stock of facts, and the struggling student acquires as narrow a 


ay 
3 
| 
- 
| 
H 
4 | 
4 
| 
- 
\| 
if 


SCIENCE TEACHING 


IN SCHOOLS 741 
view of nature as the crude recital of these facts permits. In 
brief it may be suggested that the educational faults of the 
text-book system cluster about three cardinal errors—the teach- 
ing according to the text-book method is lifeless, the sources 
of authority are always second hand, and finally there is required 
no initiative effort on the part of the pupil. Any improvement 
in the methods of teaching science must follow lines suggested 
by these fundamental defects in the older methods of teaching. 

The evil results of a narrow perspective in teaching the sci- 
ences are widely acknowledged but not altogether avoided. 
Education, like everything else of human making, has its fash- 
ions. At the present time the text-book method of science 
teaching is out of-fashion, and the laboratory method, so called 
from the constant resort to first-hand observation, is in fashion. 
Any teacher, therefore, who wishes to eulogize his own method 
of teaching is sure to characterize his work as thoroughly in 
sympathy with the modern trend of laboratory teaching. There 
is, however, a profound difference between the letter of the 
laboratory method and its spirit. The mere presence of a stuffed 
bird in a school room does not transform dull and lifeless study 
to a vital appreciation of nature. Something more than well- 
equipped laboratories are necessary to make pupils feel what 
science means—until they feel, not merely know, science teach- 
ing is the dull routine of tasks forever undone because they are 
forever misunderstood. 

The modern laboratory method has grown out of the endeavor 
to transcend the difficulties and misconceptions of the older meth- 
ods of science-teaching. It has resulted through evolution, 
through a consistent process of trial and error in educational 
theory. As an educational method it depends, as it has depended 
for its conception, upon the atmosphere which the teacher cre- 
ates, upon the spirit with which it is understood. This is said 
with much emphasis because most teachers of science find a 
laboratory at their command, either by virtue of state requisi- 
tion or the trend of fashion, and its use or abuse depends on the 
teacher and on him alone. It is almost a commonplace to say 
that there is more educational benefit to come from a good teacher 
in a poorly equipped laboratory than magnificent laboratory fa- 
cilities at the command of a lifeless teacher. Merely having a 
laboratory, then, does not signify that the spirit of the laboratory 
method is even partially realized. Two things are inseparably 
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linked together in the modern method of science teaching—the 
laboratory method as the outward expression of the way in 
which facts are taught, the inductive method as the inner ex- 
S j pression of the way conclusions are reached. Each presupposes 
. the other. There can be no reliable induction without first-hand 
| observation, and first-hand observation is utterly valueless unless 
followed by careful inductive reasoning on the part of the pupil. 
Science must be taught as if it were a living subject, capable 
of itself of exciting human interest by a first-hand acquaintance 
with facts. These facts of personal observation, moreover, must 
be shown to lie at the basis of all the generalizations of science. 
When the pupil is made to realize these things for himself, the 
laboratory or inductive method of science teaching has some 
real significance in the routine of daily tasks. 

The first consideration of the laboratory method is in manner 
of obtaining the observations. A laboratory can not take the 
place of the spirit which a teacher creates, yet it is a great help 
in obtaining results that are worth while. Material equipment 
is not all there is in education, but in the present stage of science 


- teaching, when there is a minimum of time to be wasted and a 
oe maximum of results to be achieved if science teaching is to hold 
in its place, then good laboratory facilities are almost essential. A 
a | laboratory need not be full of expensive apparatus—very accu- 


rate apparatus kept in glass cases to be occasionally used by the 
) teacher has very little educational value. In general, apparatus 
| ought to be of the simplest type so that each and every student 1 
) may perform the experiment or make the personal observation. 
| Skill in manipulation is a highly desirable thing and comes only 
! with practice. In a general way it may be said that lecture table 
experiments do little more than waste the time of the student. 
: There are so many experiments and observations which the 
| student can conduct himself—so many more than the limited 
) time makes it practical to use—that the utmost care should be 
| used in making every minute tell for its utmost worth. A crude 
. experiment, giving only approximate results, that the student 
carries on alone, one in which he makes his own observation and 
a draws his own conclusions, is of vastly greater educational value 
a than a similar experiment done before the class with more com- 
) plicated apparatus, even if the results of the latter are much 
more accurate. Complicated apparatus is difficult for a pupil 
a to understand, he readily confuses the essential and the non- 
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essential and the moment there is any confusion the attention 


lags. If, on the contrary, the student is performing the experi- 


ment himself, he can not allow his attention to wander from 
the work before him and he observes what is happening almost 
by necessity. Brass fittings and a profusion of stop-cocks are 
apt to detract from the very thing the experiment wishes to 
express. A tooth-powder bottle and a glass tube, in the hands 
of the student himself will teach him more about the properties 
of hydrogen than if he watches his teacher manipulate the best 
generator the market affords. It were much better for the lab- 
oratory to have twenty air-pumps, costing four or five dollars 
each, than to invest a hundred or a hundred and fifty dollars in 
a single pump. A few seeds, a little wet sand, and a box with 
two compartments, one dark and the other light, given to each 
pupil in botany will teach more about the growth of seedlings 
than any amount of experiments which the teacher performs 
himself. One of the first axioms of the laboratory method 
should therefore run something like this: The crudest results, 
reached by the pupil through his own individual efforts have 
far greater educational value than more accurate results reached 
by the direct assistance of the teacher. 

The type of experiment is a matter of a good deal of considera- 
tion. General rules in this particular are not easily made, but 
there is one matter which can not be too strongly emphasized. 
Of two experiments illustrating much the same principle, that 
one should be chosen which will require the more constant at- 
tention on the part of the pupil. In general, quantitative experi- 
ments are always to be preferred to qualitative. The moment a 
pupil is asked to measure something, to compare quantitatively 
the size of two images or the weight of two tubes, there is de- 
manded a nicety of observation which no amount of qualitative 
work will bring into play. Furthermore the student takes the 
quantitative work more seriously. We instinctively see a dig- 
nity in a set of figures which we fail to find in mere qualitative 
results. The equal expansion of all gases can be taught much 
better by requiring that the student shall find the number of 
cubic centimeters that a constant volume of several gases expands 
when the temperature rises through the same number of degrees. 
than any experiments which shall illustrate this only qualitatively. 
Daily measurements made of the growth of two seedlings, one 
grown in the dark and the other in the light, one in low tem- 
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perature and one in medium temperature, will teach more than 
‘a mere comparison of the growth of two seedlings. Quan- 
titative results can be plotted, the results of different members 
of the class can be compared, general averages—in many cases 
surprisingly accurate—can be made. The teacher has an op- 
portunity to suggest that science has always sought to correlate 
its results with mathematics. A scientific law which can be ex- 
pressed in terms of some mathematical relation has always been 
looked upon with greater confidence than a merely qualitative 
law. The teacher should try to find examples illustrating 
this from all the sciences—electrical phenomena were little un- 
derstood until the advent of Ohm’s Law, the heat of chemical 
reaction was a mystery until the Law of Hess and the facts of 
biological inheritance were in hopeless confusion until Mendel’s 
Law was brought to light. As a whole, then, summing up our 
position in regard to the observational phase of laboratory work, 
it may be said that individual work should always be the pur- 
pose and that this should be so arranged as to require the maxi- 
mum of attention on the part of the pupil coupled with a certain 
accuracy as regards measurable quantities. 
(To be continued.) 


METRIC SYSTEM USED IN FRANCE. 


Regarding the absurd and wicked statement made last year by Lloyd 
George, then President of the English Board of Trade, that “the 
Metric System has broken down hopelessly in France,” we quote the 
following abstract of the Report prepared by the French Ministry of 
Commerce on the Weights and Measures Service in France for the 
Six Years 1901-6, showing clearly that George made the statement 
without regard to facts, at a time when truth would have been of value. 
No censure is too severe for ignorance or disregard of truth by a 
man in such a position at such a time: 

“An official circular was addressed to Chambers of Commerce, etc., 
in 1906, with respect to the inclusion in trade catalogues of various 
illegal denominations which were still in vogue in certain industries 
and businesses in which sales are not made according to weight or 
measure (e.g., saddlers, lamp manufacturers). A certain latitude has 
been allowed to such traders, but this was only intended to be a 
temporary measure to facilitate their dispensing with obsolete terms 
and substituting legal denominations. It was found necessary to issue 
this circular in order to remind these traders of their liability to 
penalties. The replies received to the circular are said [by the French 
Minister of Commerce] to have established conclusively that in France 
opposition to the Metric System is no longer encountered anywhere.” 

W. 
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APPROXIMATIONS AND APPROXIMATION PROCESSES.* 


By Proressor E. R. Heprick, 
Columbia University, Columbia, Mo. 


Incommensurable Ratios. The fallacy just mentioned enters 
in a general fashion in the so-called “proofs” of the incom- 
mensurable cases in geometry. We shall not enter upon these 
theorems at this point in detail, but shall limit ourselves to a 
demonstration of the worthlessness of the proofs most commonly 
given, from which one should conclude that these proofs ought 
to be omitted for the most part. 

Taking a simple instance, let us consider the proposition that 
the areas of two rectangles whose bases are equal are propor- 
tional to their altitudes. Upon some inspection of the most usual 
proofs, we see that (in the “incommensurable case”) the areas 
in question cannot possibly both be defined under the definition 
quoted above; hence the theorem states a fact about quantities 
which are not even defined. If it amounts to anything, when 
given in this manner, it amounts to a definition of the previously 
undefined concept of the area of the rectangle whose height is 
incommensurable. But if this were really the intention, surely 
a so-called “proof” would be rather out of place. Moreover, 
the fact stated in the supposed theorem involves the ratio of 
two heights which are incommensurable; again here, the usual 
definition of length of a straight line segment leaves such in- 
commensurable lengths undefined. The supposed theorem is 
therefore a statement about certain hazy, undefined concepts, 
and the statement is made that the ratio of these undefined 
things is equal to the ratio of two other undefined things. 

Possibly this is bad enough, though I presume it will be said 
that I am drawing fine distinctions. But if one does not wish 
to draw fine distinctions, what is the use of this theorem, any- 
way? For it is in itself an attempt to learn something about 
that peculiar case in areas in which no common measure exists. 
Strange, is it not,.that one should be anxious to prove theorems 
which draw fine distinctions about abstruse concepts, while one 
at the same time argues that these very concepts ought not 
to be defined because that would be drawing too fine a distinc- 
tion. Does this not resemble closely the camel-swallower who 
strains at proverbial gnats? The writer would choose the gnats 
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and eschew the camels. It is urged that you consider the ad- 
visability of doing the small thing of defining what these areas 
are, but that you leave until a much later time the study of 
theorems concerning them. The theorems are too hard; the 
definitions. are quite enough, possibly even the definitions are 
too abstruse. It is not at all objectionable for anyone to omit 
the whole matter; it is not objectionable if anyone pleases to 
give the definitions and omit any theorems; it is not objectionable 
if there be a preference for giving the definitions and then prov- 
ing a few theorems, provided the proofs really prove anything; 
but it seems reasonable to object to proofs of some theorems 
without definitions, or to proofs which rest on a fallacy. 

Possibly these arguments will suffice for some minds. The 
author knows, however, that traditional arguments are dear to 
the soul, and concludes that an additional coup de grace will 
not be superfluous. For if to anyone of you the proof of theo- 
rems about undefined things is endurable, surely no one of 
you will defend a plain case of non-sequitur fallacy in the logical 
part of the proof. You will remember that in all these “incom- 
mensurable case” proofs as usually given, a certain limit theorem 
is supposedly used, namely that “if two variables are constantly 
equal to each other, their limits are equal.” This limit theorem 
is of course correct; in fact it is an absurdly trivial statement 
of a fact which is more than obvious—and utterly useless for 
any purpose whatever. But in the incommensurable case proofs 
its meaning is distorted and it is used to cover a fallacy; for the 
thing which it is there desired to prove is not the preceding 
statement at all, but rather this one “if two variables are equal 
for all except the limiting value of a certain controlling inde- 
pendent variable, the two variables are equal for the limiting 
value of the controlling variable.” Now this statement is utterly 
false, as witness the geometrical progression whose first term 
is «° and whose common ratio is 1/(1-+-2°): the sum of the (in- 
finite) progression thus defined is (1+.°) for every value of 
¥ except ro; if the reasoning employed in these “incommen- 
surable case” proofs were correct, the sum of the progression 
would necessarily be 1 when +=o0, whereas the sum is actually 
o when x=o0. It follows that precisely the same logical argu- 
ment used in demonstrating these theorems would also show 
that o=1. 
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The writer has had a certain cynical pleasure in hearing 
these so-called proofs for the incommensurable cases defended 
—not upon the ground of any usefulness of the results, which 
might really be a defense—but rather upon the ground that they 
strengthen the reasoning powers! Rather they are a travesty 
on argument; an abortion of reasoning to which there is scarcely 
a parallel in all the devious labyrinths,of human fallacies. Nor 
has one of the more complicated among them been chosen for 
an illustration; purposely the first and simplest of these propo- 
sitions was chosen. Had the writer desired, he might have 
found one with a few more flaws; there is no one among them 
which has less than the one here used for illustration. No ques- 
tion of doubt should be left in the mind of anyone of you about 
the actual correctness of the theorems themselves. The theorems 
are all true as usually stated, provided the quantities which enter 
in them are properly defined. The writer has merely pointed 
out that the demonstrations usually given do not demonstrate ; 
and he has urged that the definitions be given, with or without 
the (correct) proofs of the theorems. 

Limits —I have mentioned that any approximation process 
furnishes numbers whose limit is the quantity approximated. All 
questions involving the kind of limits which occur in elementary 
(secondary and primary) mathematics can be treated upon this 
simple basis, and the word limit need not be introduced. As a 
justification for the advice to omit all treatment of limits, the 
writer would submit that there is scarcely a popular text-book . 
upon the market to-day in which this topic is correctly treated, 
while in many popular texts the treatments are positively absurd. 
Does it not follow that a topic so abstruse as to cause the writers 
of texts to flounder, is not quite the thing to present to chil- 
dren? For this reason then all discussion of limits will be 
entirely omitted from this paper, except to advise. this omission 
of all reference to it, including the bizarre theorem quoted above. 

Simply as a hasty justification to those who are quite expert 
in handling limits, the writer will say that the remark made 
above, “that there are limits which do not correspond to approx- 
imation processes,’ refers to limits taken over an assemblage 
which is not countable ; for it is evident that a true mathematical 
approximation process corresponds to a limit taken on an enu- 
merable assemblage. 
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The Fetich and the Taboo in Certain Approximation Pro- 
cesses. Our traditions have given rise to certain curious prej- 
udices regarding approximation processes which resemble 
closely the fetiches and the taboos of certain aboriginal peoples. 
From a logical standpoint there is, of course, no reason for 
these prejudices. There is no real distinction, in principle, be- 
tween one process of approximation and another, provided they 
both fulfill the requirements mentioned above, and provided both 
are valuable. Hence, since approximation processes are neces- 
sarily recognized as perfectly good mathematics,—because, in 
fact, many portions of mathematics depend vitally upon such 
processes,—there appears to be no justice in any discrimination 
against any given one. Several need only be quoted, however, 
without any explanation, in order to make the actual prejudice 
vividly clear. 

The ordinary process of square root is one of the fetich class. 
It is certainly recognized as absolutely legitimate, and one 
scarcely questions the propriety of asking a student to solve a 
problem which involves finding a square root ;—it is usual to 
say that such a problem can “be solved.” 

Contrast this state of affairs with the taboo against the tri- 
section of any angle by means of ruler and compass. It is 
usual to say that this problem cannot “be solved.” Yet I can 
surely trisect an angle by means of compass and ruler in pre- 
cisely the same sense in which I can find the square root of 
three, for the latter is an approximation process, and it is per- 
fectly easy to set up a good, and very rapid, approximation 
process for trisecting an angle by compass and ruler, if one only 
starts by random choice of a trial trisection somewhere between 
one-half and one-fourth the given angle, and then proceed by 
successive steps in a perfectly natural manner. The process 
just suggested is eminently practical and useful; it is precisely 
as justifiable as the process for finding square root; it has all 
the necessary qualifications of a good mathematical approxima- 
tion process; it is the process actually used by all draughtsmen 
and mechanics. Yet who ever heard of such a thing as teaching 
this eminently practical, useful, and thoroughly mathematical 
process, simple as it is, in a course on geometry? If some of 
you have actually done this—may your race increase !—have you 
not done it almost furtively, somewhat apologetically? Have 
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you not thought that it was not really mathematics? For the 
most part certainly this process is not given, it is tabooed. In- 
stead we give a fallacious proof of a useless “incommensurable 
case,” and rub our hands in smug satisfaction over the accom- 
plishment of something really “mathematical”—forsooth ! 

I should mention also that if anyone of you has to divide a 
circumference into five equal parts, 1 can commend to him most 
heartily that he do so by approximations, rather than by the or- 
dinary construction; and that he do so boldly, knowing and as- 
serting most strenuously that he is doing just as mathematical 
a piece of work as was ever done. We should beware lest our 
less assuming brethren of the drawing department, who have 
already appropriated the vital part of solid geometry in the 
space conceptions of so-called descriptive geometry, do not take 
‘the substance and leave to us, teachers of mathematics, only the 
shadow. Incidentally, some of this mathematics, the trisection 
of an angle, for example, might be done in the graded schools. 
And make very sure that no oné frighten you into thinking it 
is not mathematics, of the purest and simplest sort. The writer 
knows of no instance of an approximation process of the pure 
type which is so simple, indeed, as this one. 

As another contrast to the fetich of the square root process, 
let us consider a rule for square root which is used frequently 
by carpenters and other mechanics. It is a perfectly pure ap- 
proximation process, as is the usual square root process; it is 
not contained in any arithmetic with which I am acquainted; 
it is at least as simple as the usual process, though it is not 
so elegant; it possesses two enormous advantages: (1) any per- 
son can understand it at once; (2) no person can possibly forget 
it after he has worked as many as two problems with it. Yet 
the writer is convinced that it would be tabooed, that it would 
not be accepted as an explanation of finding square roots on an 
examination paper, for example, by county or state examiners. 
It consists simply in dividing the number whose square root is 
to be found by a trial square root, which may be as bad a guess 
as you please. If the guess is too high, the quotient is smaller 
than the divisor, and vice-versa. If the guess is exactly right, 
one stops. If the divisor differs from the quotient, the guess 
was wrong; one then takes the average of these two numbers: 
this average is certainly a better approximation to the square root 
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than either the first divisor or the first quotient. Taking the 
average thus found as a second approximation, you proceed as 
before ; and this process is repeated as often as necessary, until 
the quotient differs from the divisor by less than the desired 
error. The carpenter who used this rule knew all of this, even 
how to find his error; yet he was actually ashamed of having for- 
gotten the “mathematical” process for square root! It seems to 
me that we ought to teach this rule in arithmetic, rather than the 
usual rule, for the students seldom understand the usual rule— 
that is the reason for it—and they almost invariably forget it 
quickly. Or is the taboo too strong? 

Graphical Approximations. Finally it is interesting to con- 
sider the approximation processes associated with graphical work 
in geometry and in algebra. As an example, it is obvious that 
the solution of simultaneous equations by the drawing of the 
corresponding graphs, on larger and larger scale, is actually a 
pure approximation process. The prejudice against this process 
is passing away. It is the only really feasible process in many 
instances, at least for children, as witness the simultaneous quad- 
ratics, *+y=7, y+r—11. Curiously the taboo against this 
process conflicts with the fetich for the renowned Horner’s pro- 
cess, since these two processes are absolutely identical in their 
essence. 

In geometry, the solution of triangles by means of actual con- 
struction of triangles with given parts and actual measurement 
of the unknown parts is a graphical approximation process. 
Someone may contend that this is trigonometry; yet a very deli- 
cate line must be drawn to exclude these problems from geom- 
etry, and if they do have the practical value of trigonometry, 
should we discriminate against them? 

Passing over these special examples, let us consider the ab- 
solute necessity for graphical figures in order to make precise 
much which is at present hazy in elementary mathematics. Thus 
the figure for y=.«*, drawn by means of rational values of -r, 
affords the only elementary means of really defining «°° for ir- 
rational values of x. For theoretical purposes the requirement 
that the curve be continuous is absolutely sufficient to define, for 
example +’, which was previously not defined. Again the curve, 
x=10y, drawn for rational values of y defines y=logrx for 
all values of x if we merely require that the curve be continuous. 
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Thus the graph, often unjustly sneered at as “only an ap- 
proximation” is clearly a means (in fact it is the only elementary 
means) of giving strictly accurate definition to the concepts like 
x* and logx which occur constantly in elementary mathematics. 
It is for this reason that the writer has especially emphasized 
this phase of the graph,—in order that the processes called 
graphical be recognized as purely mathematical processes, not 
only justifiable themselves, but, in point of fact,. being actually. 
the only elementary means of justifying a large part of the work 
which is often presumed to have a certain mathematical superior- 
ity. This other work—work involving 2°, log, and ab in cases 
like |//2x// 3, et cetera, is not only not superior in accuracy 
and precision from the highest theoretical standpoint, but it is 
actually dependent for rigor on the concepts called graphical. 

This is another instance of fetich and taboo; fetich for a 
fallacious use of undefined operations like |/ 2 x |/ 3; taboo 
against the eminently justifiable and practical work in graphical 
representation. 

Conciusion.. In a famous allegory, Ludwig Fulda has told 
of a king, who, hearing of the pretended ability of a sorcerer to 
make a garment which the wise could see, but which was in- 
visible to knaves and fools, and believing that he must pretend 
to see this fabric in order that he be not esteemed a fool among 
a court of wise men, threw off his common garments and made 
public parade in the marvelous costume which the sorceror con- 
structed. Each citizen praised the wonderful beauty of the 
garments which he could not see, lest he be acknowledged a 
knave, till a peasant girl, ignorant of the pretended qualities 
of the garment, exclaimed: “Why, the king has nothing on!” 

This allegory applies no more keenly to the foibles of human 
vanity in alleged belief in popular theories and popular favorites, 
too often based only upon the fear of condemnation of superior 
judges, than it does to the curious traditional beliefs and tra- 
ditional statements of our elementary instruction. Many a proof 
is hailed as a wonderful invention of the human mind and ac- 
cepted as genuine, which is in reality nothing but the veriest 
humbug. Many a homely process is cast aside because it is out 
of style rather than because it is not serviceable. 

Let us beware these false garments which our pride may dic 
tate through our fear of exterior condemnation: the wonderful, 
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mystical, mysterious theorems on limits and infinite series and 
incommensurable cases. Let us hold to the modest apparel, 
which, though lacking the attractive element of mystification to 
the unitiated, does still possess the fundamental values of utility 
and certainty: the draughtman’s constructions in geometry, the 
carpenter’s rule for square root, the easy trisection of an angle, 
and in general, each and all of those misjudged and unorthodox 
processes which are useful illustrations of that mighty principle 
of approximations which, though often despised, runs through 
the whole fabric of mathematical learning, and serves to unify 
and complete what would otherwise be a disjointed mass of 
uncompleted theories. 


SOME COMMENTS ON ‘‘A COMMUNICATION.’’ 

In “A Communication,” page 609, Vol. 8, No. 7, we read, “Say what- 
ever you like, unless a thing can be verified there is no real meaning in 
it.” If so, then unless the word “verified” be very loosely applied there 
is little of life that has any real meaning. It is well known that one 
eannot verify the statement, “Through a point not on a straight line 
there cannot be mure than one parallel to that line,” so that it would 
appear that nearly the whole of Euclidean geometry is meaningless. 
However, before commenting upon the sentence cited, it would be well 
to inquire the meaning of the terms “verified’ and “real”; thus the 
meaning precedes verification, as will be apparent to anyone who is 
asked to verify a statement which he does not understand. 

As to the next paragraph, no two wou'd likely ever agree as to when 
an acknowledged difference becomes “practically” nil, thus leaving us 
as far as ever from a settlement of any question. <A difference which 
some might consider negligible might be intolerable to others, as was 
the case in the calculated and observed positions of Uranus before the 
discovery of Neptune. 

In regard to geometry, if its study be to cultivate the powers of rea- 
soning, a knowledge of the foundations is, for a teacher, in this day 
absolutely essential; if it be merely to acquaint one with the facts 
of mensuration, then those who study it are wasting a lot of valuable 
time. G. W. GREENWOOD. 

Dunbar, Pa. 


Professor C. H. Judd of Yale University has been appointed to the 
Directorship of the School of Education, University of Chicago. He 
wiil begin his residence work July 1st, 1909. Friends of the Univer- 
sity of Chicago will be pleased to learn that so eminent a man is to 
fill the position vacated a few years since by the resignation of Pro- 
fessor John Dewey. 
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MATHEMATICAL LABORATORIES. 
By GyYMNASIAL-PROFESSOR Dr. KARL GOLDZIHER, 
Budapest. 


To bring the abstract into close relation with practical life is 
an important part of the present efforts for reform in mathe- 
matical instruction. It is not simply a matter of developing the 
utilitarian side of mathematics, but also of solving the problems 
which have arisen in a thorough investigation of methods of 
instruction. _The purpose is to use to the best advantage the 
slowly developing intellectual capacity of the pupil; hence the 
natural starting point is to choose practical problems and give 
attention equally to “processes of approximation” and “processes 
of precision.” The pedagogical importance of this statement 
lies in the fact that with deduction there comes into the fore- 
ground the gathering and utilizing of practical knowledge itself. 
If the instruction be grounded on the actual realities of life, the 
special methods should be developed from the requirements of 
this wide field so that the pupil in the higher school would learn 
to comprehend the practical value and real application of abstract 
ideas. 

In the practical solution of this question we are led to see the 
necessity of such practical exercises as have from the beginning 
accompanied theoretical instruction. Already in the decade 
1890-1900 John Perry in England had succeeded in basing the in- 
struction in mechanics and mathematics in the intermediate tech- 
nical schools (especially in Finsbury Technical College and in 
the Royal College of Science, London) on real experimental and 
laboratory work. This movement has recently gained many 
supporters in America, especially since Professor E. H. Moore 
of the University of Chicago in his presidential address before 
the American Mathematical Society, 1903, emphasized the im- 
portance of the laboratory method." Professor Moore urged that 
the instruction in physics and mathematics be united; in this way 
could the double character of exact investigation be made promi- 
nent; on the one side the experimental knowledge of concrete 
things, and on the other side the rigorous deductions from the 
systematic working out of material gathered from experiment. 
To accomplish this it is evident that laboratories are necessary 
in which the pupil by his own experiments can secure material 


1K. H. Moore. On the Foundation of Mathematics. Science, new series XVII, 1903; 
and Bulletin of the American Mathematical Society, new series IX, 1903. 
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for instruction in mathematics. In the recently published book 
of Professor J. W. A. Young, “The Teaching of Mathematics,”’ 
Longmans, Green & Co., 1907, chapter VI treats in detail of this 
question. The earlier work of Professor Geo. W. Myers’ in 
which detailed instructions for fitting up such a laboratory are 
given, should be mentioned. In France E. Borel in a lecture 
before the Conférences du Musée Pédagogique in 1904 showed 
the importance of uniting the mathematical instruction with prac- 
tical work.* The lecture of Professor Borel gives the general 
point of view and the administrative details which would have 
to be considered in establishing a mathematical laboratory. 

The one-sidedness of the American experiment lies in the fact 
that it emphasizes for the most part only the union of physics 
with mathematics. If the instruction is to touch all the quanti- 
tative relations of life the mathematical laboratory must be as far 
as possible many-sided, and give attention to all the practical 
applications of mathematics. (It should be noted that Professor 
Moore includes under physics, astronomy and the more math- 
ematical and physical parts of physiography, and that he would 
have the physics made thoroughly practical. Moreover, at the 
present time many of the American teachers who are interested 
in this movement are trying to connect mathematics with the 
realities about the pupils and with the general requirements of 
life. The translator.) We mention only the Aufgabensamm- 
lung of A. Schiilke, Teubner, Part I M. 2.20, Part II M. 2.20, 
to show that for instruction in algebra there is at hand a whole 
series of problems from other fields in applied mathematics.’ 
I<specially in instruction in arithmetic in the lower classes is it 
of advantage to render less burdensome the study of the pupils 
by giving them various kinds of practical work. We have at- 


*The earliest work on this subject seems to be by A. R. Hornbrook, Laboratory Method 
of Teaching Mathematics; New York, 1905. See further J. W. A. Young, What is the Lab 
oratory Method? School Science and Mathematics, 1903. 

%Myers, The Laboratory Method in the Secondary School, School Review, 1903. See 
also the book by Myers, Observational and Experimental Astronomy, Chicago, 1902. 

4E . Borel, Les exercices pratiques de Mathém: itiques dans l’enseignement secondaire 
Conférences du Musée Pedag. 1904 and Revue générale des Sciences, 1904. 

5As an example of the application of the method to instruction in geometry see the 
book of P. Martin and O. Schmidt, Raumlehre tiir Mittelschulen, Biirgerschulen und 
verwandte Anstalten, 3 Hefte; Berlin, Gerdes und Hédel. In the recent English and 
American school book literature there has appeared a long series of books which give 
prominence to the concrete character of the first geometrical instruction and continue 
this work through mensuration. (Experimental, observational, practical, measuring 
concrete, inventional, intuitional geometry.) These books support the anti-Euclidian 
efforts of the Perry school, which recently has found several advocates in France. (See 
the index on the geometrical instruction of La Revue de l’Enseignement des Sciences.) 
Of the English and American text-books we mention those of Campbell, Hailmann, Hill 
Hornbrook, Lambert, Murray. Spencer (America); Baker and Bourne, Baxandall and 
Harrison, Budden, Eggar, Hall and Stevens, Harris, Marshall and Tuckey, Morris and 
Husband, Moore, Morgan, Playne and Fawdry, Stevens (England). 
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tempted in the following statements to show how in the math- 
ematical laboratory one can make use of the many-sidedness and 
systematic development of practical exercises. (Several of the 
following experiments have been made in the government Ober- 
gymnasium of the third district in Budapest.) 

1. Above all we assert that the practical exercises should be 
begun in the lower classes and continued throughout the course. 
In this way the instruction in the lower classes based on concrete 
knowledge can be built up systematically during the whole course 
in the domain of the pupils’ experience. 

2. The mathematical laboratory ought to be independent of 
the physics and chemistry laboratories, and ought to contain all 
the models and apparatus necessary for instruction in measuring 
and weighing. In many cases the pupils can themselves make 
the required apparatus. The larger units of measure, too, e. g., 
1 cubic meter, 1 hectoliter, should be constructed; pupils have 
worked problems involving these units without having a reason- 
ably clear notion of them. The apparatus should be such that 
it can be used for accurate measurement. The laboratory 
should, moreover, contain the apparatus .required for simple 
work in surveying (lower classes), and for more advanced work, 
especially triangulation (upper classes). 

3. In connection with arithmetic there should be work in 
collecting statistics, and extended computations; the necessary 
tables should be made out by the pupils themselves. The statis- 
tical and related problems provided for geographical, agricul- 
tural and economic instruction are especially valuable for the 
information which they give; they reveal also, for the instruction 
in arithmetic a fertile and many-sided field which from the 
methodical side comes into contact with one of the most im- 
portant processes of experimental work, this we briefly denote 
by “tabulation.” For those who would connect with their in- 
struction in arithmetic, commercial, industrial, economic, financial 
and insurance problems there should be in the laboratory a col- 
lection of blanks, checks, deeds and other business papers, as 
complete as possible and easily accessible. The exhibition of this 
material ought to lead to independent use of it by the pupil. 
Simple exercises in book-keeping may be given to fill out the 
practical work, since the majority of the pupils never acquire 
this important subject or acquire it later in life with great diffi 


culty. 
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4. In the interest of instruction in the upper classes care 
must be taken that the student secures for himself the material 
for computation, by measurement and observation in mechanics, 
physics, chemistry, meteorology, surveying and astronomy. (In 
the smaller provincial schools or in schools conveniently located, 
it may be possible to have the official observatory established in 
the school; astronomical observatories have already been built 
in several schools.) The systematic revision of the many valu- 
able records of observations would furnish problems for the 
mathematical laboratory. This material could possibly be se- 
cured in other laboratories by the pupils, since the chief purpose 
might be to work out the results accurately by the methods of 
applied mathematics. 

The following are important problems to which special atten- 
tion should be given in the mathematical laboratory: the sys- 
tematic recording and tabulating of the results of observations, 
the testing and making corrections in instruments which are not 
accurate, correcting and adjusting the results of observations, 
the construction of tables which shall be technically correct, and 
soon. The mathematical labcratory would thus be a workshop 
for practical mathematics, as it is required to be in Professor 
Perry’s school.’ The actual use of the modern appliances of 
applied mathematics, logarithm tables, millimeter paper, calcu- 
lating machines, graphical calculations, and so on, must be spe- 
cially emphasized. Theoretical instruction will give only a slight 
knowledge of these important elements of training. From the 
university, yes, and from the technical college, too, we hear the 
complaint that the pupil should not become acquainted with this 
practical side of mathematics till he is taking advanced work; 
and the result of this is that often he goes out into life with only 
a slight knowledge of the practical, underlying principles of 
mathematics. Students who in the course of their advanced 
studies have no opportunity to master these modern methods, 
will be deprived of them through their whole lives if the higher 
schools have not furnished the necessary introduction. 

5. The accurate construction of graphs might be considered 
an important problem of the mathematical laboratory. The 
graphical work can be begun in the lower classes and continued in 
a systematic manner through the entire course in mathematics 

6In the English and American text-book literature we find a series of books which 
contain problems for this work. We mention first the text-books, Practical Mathematics 


by Perry, Castle, Stern and Topham; then the books by Saxelby, Cracknell, Murray, Con- 
erdine and Barnes, Duncan and Macfarlane. 
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and physics. The larger wall charts, which show quantitative 
relations (geographical, statistical, economic, and meteorological 
tables), also the wall charts and tables for instruction in physics 
and chemistry can be made in the mathematical laboratory by the 
pupils themselves; in this way the school comes into possession 
of a collection which is of great value since it has been produced 
by the independent work of the pupils. The calculations for the 
graphical work must be done partly in the laboratory and partly 
in the class room. 

6. The preparation of geometrical models is important. This 
could be commenced in the lowest classes by modeling in clay and 
wood. In connection with the mathematical laboratory of the 
gymnasium there should be a drawing room in order that con- 
structions in the higher geometrical instruction might be worked 
out with accurate drawings. 

7. In the teachers’ library special attention should be given 
to the literature of applied mathematics. The systematic col- 
lecting of official tabulated statements, the purchase of compila- 
tions and hand-books on all topics of applied mathematics 
and physics, and further the purchase of the most important 
foreign text-books would be of great value in directing the work 
in the mathematical laboratory. 

(Translated from Unterrichtsbiatter fiir Mathematik und 
Naturwissenschaften. 1908. No. 3, by H. E. Cobb.) 


MEETING OF MATHEMATICIANS AT THE UNIVERSITY OF 
KANSAS. 


An event of more than passing interest to Western educators is the 
meeting at Lawrence, Kansas, on November 28 and 29 of the South 
Western Section of the American Mathematical Society. The Kansas 
Association of Mathematics Teachers will hold a meeting in conjuncticn 
with the national society and will furnish part of the program. Pro- 
fessors of mathematics from the University of Chicago, the University 
of Missouri, the University of Nebraska, the University of Oklahoma, 
and the University of Colorado will be present. Kansas will send a 
large and representative delegation of her mathematics teachers to the 
meeting. 


Small birds or white mice are sometimes used as indicators of 
noxious gases, as they are very susceptible to their effects. 


Lotherium is the name of a supposedly new element discovered in 
the decomposition of ytterbium. The experiments were made in Paris. 
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NEW TERMS IN GEOMETRY. 


By G. W. GrEENWoop, 
Dunbar, Pa. 


The Committee on Geometry recommends the use of the 
terms “congruent,” “ray,” and sect,” but as these terms are as 
yet little used in current texts the majority of teachers are not 
ready for their immediate adoption. However, the sooner 
teachers are convinced of the necessity of adopting new terms 
and of the deficiencies of most current texts in these respects, the 
sooner better texts will appear and the more cordial will be the 
welcome afforded them. 

A little consideration will show that the term 
symbol “=” cannot consistently be used to denote both congru- 
should not be used 


‘ 


‘equal’ and its 


ence and equivalence, and that the term “line’ 
indiscriminately for an unlimited straight line, a line limited in 
one direction such as a side of an angle, and a limited segment of 
a line such as a side of a triangle. It is one of the paramount 
objects in geometry to inculcate precision of expression and ex- 
actness of thought, to guard against ambiguity and the use of 
terms at random, and therefore any movement in these directions 
should receive the support of all progressive teachers; while any 
objectionsto such movements would apply equally to the whole 

of the subject they are now teaching. 

A teacher naturally feels that a student, after he has been 
shown that his reasoning is unsound and can be applied to para- 
doxes which none would credit, should fully realize the necessity y 
of securing a better demonstration and spare neither time nor 
effort in remedying the defect. A teacher should himself emulate 
the spirit he expects the student to show, and which he must 
show in order to profit by the study of geometry. 

Not only are there good'reasons for introducing new terms, 
but it will be found that there should be no objection to doing 
so. With some at present, however, there seems to be opposi- 
tion to the introduction of any new terms; while the proposed 
terms are indeed new to beginners, the same is true of most of : 
the other terms in geometry; moreover, it will be apparent that 
unfamiliarity is no obstacle when we consider the number of 
strange terms the beginner encounters in every other subject; in 
geography he learns of Popocatepetl and the Yangtze Kiang; in 
history he becomes acquainted with Laudonniere and is expected 
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to remember the storming of Churubusco; in chemistry strange 
symbols replace all familiar names; the Bible abounds in unusual 
names and odd expressions; and so for every branch of study. 
It is not only expected that the student should master all these 
new terms, but as a rule he succeeds in doing so. 

It is a mistake to suppose that the introduction of these new 
terms will simply burden old and already familiar conceptions 
with strange names ; but even were this the case, we already have 
ample precedent in geometry as well as in every science for re- 
naming well known objects and properties when precision or an 
essential shade of meaning is thereby brought out. For ex- 
ample, the student learns that what in the kindergarten he drew 
and called a “box” is in reality a rectangular parallelopiped (or 
parallelopipedon), and that its “corners” are trihedral angles; a 
plane four-sided figure with which he has been familiar from 
childhood may be designated a polygon, a quadrilateral, a quad- 
rangle, a trapezium, a parallelogram, a rectangle, a rhombus, a 
square, etc. A teacher would be surprised and skeptical should 
anyone question the ability of the student to master and properly 
use these terms; he would rightly oppose the use of a single term 
-~—quadrilateral, say—to denote indiscriminately sometimes a 
trapezium and sometimes a square; vet most of these figures 
differ only in degree, whereas an unlimited straight line, a line 
with one end, or “ray,” and a line with two ends, or “sect” differ 
fundamentally, having in common only the undefinable quality of 
straightness. 

Not only is clearness of expression of great pedagogic and 
cultural value, but it is an invaluable training along the lines of 
future requirements. In philosophy the utmost pains are taken 
to secure precise terms; in contracts and agreements words of 
dual significance must be avoided; the classification of railroad 
freight is by no means simple, yet a heavy fine and two years’ 
imprisonment hang over one as an inducement to use every pre- 
caution in choosing the right term. A few years ago two cor- 
porations indulged in a few expensive suits fruitlessly endeavor- 
ing to determine whether or not an interurban railway ceased to 
be a suburban railway under the statutes when it had entered a 
city. 

For teachers to use terms, and permit their students to use 
terms, with but hazy notions of their significance is to foster 
habits which tend to unfit them for any important duties. 
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PRELIMINARY REPORT OF THE COMMITTEE OF THE MATH- 
EMATICS SECTION OF THE CENTRAL ASSOCIATION ON 
THE UNIFYING OF SECONDARY MATHEMATICS. 


(Concluded. ) 


A Preliminary Outline of Work in Mathematics for Secondary 
Schools. 


1. This outline is to be regarded as strictly tentative; it is a 
first approximation. It is open to important changes should fur- 
ther consideration reveal the desirability of such alteration. 
There is presented a list of topics for each year. But no sug- 
gestion is made as to the order in which these topics should be 
taken up. 

2. The outline seeks to unify the work in mathematics of the 
secondary school by presenting arithmetic, algebra, geometry 
and trigonometry as closely related parts of one subject, mathe- 
- matics. The mathematical method of thinking about phenomena 
is carried on in special ways, algebraic and geometric, which 
are often combined in a given problem. The ability to think 
in each of these ways must be gained by the pupil. We believe 
that this ability can be acquired better by a closer codrdination 
than obtains in the usual compartment method. In a more inti- 
mate coordination there is a broader field for association of ideas, 
more opportunity to adapt the work to the growing powers of 
the pupil and a more essential continuity in mathematical 
thought. - 

3. Time allotment. The time required per week should be 
five periods of from forty to fifty minutes each with home work. 

It is not advisable to take up geometry, algebra and arith- 
metic on definite days according to some fixed schedule; rather 
the basis of division of time should be topical, that is, each topic 
considered should be considered sufficiently to insure clear im- 
pressions. 

Some topics are purely algebraic, others purely geometric, 
while others are a combination of the two; the solution of a 
quadratic equation is a matter of pure algebra, the investigation 
of the congruence of triangles is purely geometric while men- 
suration may be treated as a combination of both methods of 
thinking. It is important that a clear distinction be made be- 
tween the study of number and the study of geometric form but 
more frequent change from one field to the other than is the 
usual practice is to be desired. Closely related topics in algebra 
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and geometry should follow each other. We also urge the im- 
portance of linking one field to the other by the introduction 
into each of helpful illustrative material from the other. As an 
illustration—although the solution of a simple equation is a mat- 
ter of algebra, a geometrical problem will help to show the use- 
fulness of such solution. 

4. Text-books. At present there are no texts that can be 
followed in the class room. Present texts on algebra and geom- 
ctry can be used, the work being carefully selected, arranged, 
and supplemented by the teacher. Mimeograph copies of sup- 
plementary lessons can be furnished to each pupil. The texts 
mentioned in this outline will be found to be good sources for 
material. Eventually proper texts will be evolved, but now each 
teacher must work out his own courses. 

5. Apparatus. There should be in the hands of each pupil 
means of drawing straight lines and circles, of. measuring lines 
and angles; squared paper and a little tracing paper is desirable 
(Tissue paper is cheap and good.) The work proposed can be 
done with the following simple equipment though a more elab- 
orate one can be used to advantage if the necessary funds are 
at hand. 


For the class room: 

1, Compasses and rulers for blackboard use. 

2. Protractors. 

3. <A section of board ruled for graphical work. 

4. A limited amount of colored crayons. 

5. If possible, means for keeping pupils’ materials in the class 
room. 

6. Meter sticks. 

For the pupils: 

1. Some uniform style of paper fair in quality and moderate 
in cost. 

2. Compasses (preferably Eagle Brand). 

3. A ecard to be used as straight edge, protractor, and metric 
rule. (Or, a ruler combining English and metric measure, 
and a protractor.) 

4. Ven holder and pen. 


6. Distribution of subject matter. The topics usually con- 
sidered in courses in algebra and geometry are distributed 
throughout the whole course on the spiral plan, the more simple 
and concrete ideas at first, the more complicated, difficult and 
abstract ideas later. Algebra predominates in the first year, 
geometry in the second. Arithmetical work is carried on 
throughout the entire course in conjunction with other topics 
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wherever it naturally enters. Some use of the trigonometric 
functions may be made in connection with the triangle. 

7. Reasoning. In all cases the pupil must not be led faster 
than he can follow with understanding. He must have some 
reason for accepting the facts taught; it may be through dis- 
covery, intuition, convention, authority, logical deduction or sus- 
pended judgment. On this point we commend the reports of 
the algebra and the geometry committees. As a general scheme 
we would suggest that in the first year more emphasis be placed 
on intuitive, inductive methods of getting at truth, leading up 
to more careful logical thinking in the second year and still more 
rigorous reasoning in the later years. It must be remembered 
that the power to reason grows, and the grounds upon which 
the truth of a statement is accepted change as the pupil grows 
older. The reason given must appeal to the pupil. “Because 
it works,”’ is sometimes a sufficient reason. 

8. Methods. There is a close relationship between the mind 
and the hand; one learns by handling. Construction of plane 
and solid geometrical figures, the measuring of real things, the 
perception of mathematical relations in real phenomena should 
play an important role, especially in the first two years. It is 
not always sufficient that a problem about actual things be given 
to be worked out in an abstract way. But from time to time, 
actual things should be handled, studied, and measured to give 
body and substance to the mathematical thinking that is being 
developed. 

OuTLINE.—First YEAR. 

A. Algebra: Center the course about the solution of equa- 
tions. 

1. The four fundamental operations upon literal numbers 
and number expressions. 

Omit fractional and general exponents. Use simple frac- 
tional and decimal coefficients. 

2. Factoring of the type forms: 

ab+ac, a—b’, ary’, 
and the special forms of multiplication which lead to these prod- 
ucts. 

3. Simple linear equations and problems, including simple 
fractional equations. 

4. Graphical representation of statistics. 

Graphical representation of linear and quadratic functions of 
one variable. 
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5. Linear simultaneous equations of two variables. 

6. Sufficient work with quadratic surds and imaginaries to 
enable pupils to solve quadratic equations. 

7. Solution of quadratic equations by factoring, completing 
the square, and formula. 

8. Simple work in fractions and fractional equations leading 
to quadratics. 

9g. Omit special discussion of H. C. F. and L. C. M. 

B. Geometry: 

Aim: Systematizing the pupils’ notions, instilling clear and 
correct conceptions of geometric figures and teaching scientific 
nomenclature and notation; developing manual skill with draw- 
ing tools. 

Means: Drawing, measuring, and constructing plane and 
solid figures. Inductive development of certain elementary re- 
lations such as: 

(a) Mensuration formule. 

(b) Sum of angles of a polygon. 

(c) Pythagorean theorem. 

Generally speaking, give the preference to such relations as 
may be used in problems whose solution will involve the use of 
the equation. 

C. Arithmetic: Make the work in algebra and geometry 
contribute to the arithmetical equipment of the pupils. Use 
fractional and decimal coefficients, check solutions by substitu- 
tion, etc. 

In connection with the type forms of multiplication teach 
short cuts in computation. Also, occasionally give review prob- 
lems in business arithmetic. 


SECOND YEAR. 

A. Geometry: The portion of plane geometry usually given 
in the texts. 

Omit limits and incommensurable cases. 

Eliminate propositions of small value. 

Introduce elementary notions of trigonometry in connection 
with similar triangles. 

B. Algebra: Insert exercises the solution of which will in- 
volve a knowledge of both geometry and algebra. 

Make considerable use of algebraic analysis in exercises in 
geometry, particularly during the last few months of the course. 
In connection with the treatment of ratio and similar figures 
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teach the chapter on ratio and proportion as given in some good 
algebra text. 

Also, in connection with the theorems on mensuration teach 
the chapter on radicals, and review square root. 

During this year it is not so important that the range of alge- 
braic ideas be extended, as that the portions of algebra covered 
in the first year be made permanent by continued exercise. 

C. Arithmetic: The work of the second year can be made 
to contribute constantly to arithmetical skill through the use of 
numerical exercises. 


THIRD AND FourTH YEARS. 


This course is divided into two parts which may be given in 
one year or distributed between the two years. 

Part 1. Geometry: Certain theorems of plane geometry that 
may have been left for treatment here. 

Solid Geometry. Omit theorems of small value. Assume 
Cavalieri’s theorem and make use of it in simplifying the treat- 
ment of volumes of regular solids. 

Algebraic and arithmetical work is naturally involved in men- 
suration exercises. This is an excellent field for work with rad- 
icals and fractions. 

Part 2. Algebra: A more orderly and scientific view of the 
algebra which is usually required for college entrance. Omis- 
sions of the first year are to be filled. Among the topics that 
should receive formal treatment are: Fundamental laws, num- 
ber system, theory of exponents, theory of logarithms, equiva- 
lent equations, a careful study of the equation including quad- 
ratic simultaneous equations, inequalities, progressions, and the 
stating of problems in algebraic language. 

Geometry: Exercises in mensuration afford an excellent op- 
portunity for learning how to use fractions, radicals and equa- 
tions, and also how to prepare formule for expeditious arith- 
metical computation. 

SUPPLEMENT. 


In the fourth year there may be given a course in plane trig- 
onometry. (This course in itself makes use of algebraic, gen- 
metric and arithmetical ideas.) 

H. FE. Coss, Chairman, Lewis Institute, Chicago. 

C. BE. Comtstock, Bradley Polytechnic Institute, Peoria, Il. 
I. S. Conpit, Iowa State Normal School, Cedar Falls, Lowa. 
W. W. Hart, Shortridge High School, Indianapolis, Ind. 
G. C. SuHutts, State Nermal School, Whitewater, Wis. 
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EXPERIMENTAL WORK IN BIOLOGY.’ 
By Cyrus A. KING, 
Erasmus High School, Brooklyn. 


All will agree, even our worst enemies—the teachers of the 
classics—that the study of biology gives the pupil both knowledge 
and mental training. It matters not how poorly the subject is. 
taught, both these results follow. This, however, is about as 
definitely as the outsider usually sees the results of our course, 
for this is, in many instances, what he himself is seeking to 
give his pupils. To the teacher of biology, this is scarcely an 
introductory aim. He knows that biology has a definite and spe- 
cial place in the high school course, because if rightly taught it 
appeals to the pupil in a special way. 

Not only must our work give knowledge, but it must, as far as 
possible, give first hand knowledge. The text-book, the great 
desideratum in his other first-year subjects, is in biology rele- 
gated to its proper place in the background and the pupil is re- 
quired to study the plants and animals themselves. In other 
words, if our subject justifies itself from our own standpoint, it 
must derive its chief value from the fact that it is the one subject 
in his first year that carries the pupil, to a degree, away from his 
books and makes him study the things themselves. It is neces- 
sary for the success of the course that all the biology teachers in 
the state should be a unit, both theoretically and practically, as to 
the above conception. For not until we all give our course so 
as to bring the laboratory side of the work into prominence, shall 
we meet with the respectful recognition that the subject deserves. 
The writer is not so unsophisticated as to assume that he is stat- 
ing any new conception of the biology course. He believes that 
there is pretty general agreement that the laboratory work should 
receive emphasis. 

‘ Too often, however, we cannot in practice come up to our 
theoretical ideas of what should be done in the course. Even in 
our larger schools this is difficult; in the smaller schools of the 
state, the over-worked teacher, who may be required to teach other 
subjects beside biology, and, in addition, do enough clerical work 
for one person, finds he has still less time to give to the prepara- 


; lRead at the December, 1907, meeting of the New York State Science Teachers’ Asso- 
ciation. 
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tion of his laboratory work. On the other hand, if he has a well- 
equipped laboratory and wants to do the work in the approved 
way, he is confronted with a whole series of problems on work- 
ing out a set of studies suited to the needs of his pupils. 

To do the laboratory work well, the teacher must have thought 
through the course and adapted the studies of the various plant 
and animal forms to the intellectual capacity of the first-year 
pupils. This course must give the pupils first-hand, definite in- 
formation about some of the great biological processes that are 
going on in plants and animals. On the other hand, the teacher 
must see that the laboratory work does not degenerate into an 
elementary nature study course, nor must it in whole or in part 
aim to prepare the pupil for the medical school. 

As a result of all this pressure both from without and within, 
the teacher is often forced to follow the line of least resistance— 
to do that which takes the least energy and initiative—to sub- 
stitute for laboratory work the study of the text-book, charts, and 
figures. 

Whether or not the teacher takes time to do experimental work 
there is sufficient reason for using it at every available place. It 
visualizes the question to be considered and thus leads to clear- 
ness of conception. The experiment is convincing when success- 
fully carried out. It develops originality and independence in the 
pupils who must think out, and in part, devise ways and means to 
do the experiment. It gets a definite series of reactions from the 
pupils. 

The writer has been doing experimental work in his botany 
classes during the past five years and regards it as an integral 
part of the work. Before requiring the pupils to do an experi- 
ment it is, in most cases, better to discuss it in class. It must 
be clear that there is some question as to whether a certain organ 
really does perform a particular work; for example, the question 
as to whether or not the leaf gives off water vapor. After the 
question is stated to the class the teacher can then ask for sug- 
gestions as to how the pupils could prove whether or not leaves 
give off water vapor. If the question is too difficult for the 
pupils to answer at once, assign it for home-work and have them 
write out additional suggestions for the next day. If the teacher 
can get the pupils to write a series of statements that show how 
to prove the point, he has gotten a reaction from them, aroused 


2 
. 
: ide 
Neer 
. 
> 
| 
3 
| 
| 


WORK IN BIOLOGY 767 


interest, and excited their curiosity as to whether their respective 
theories of the way to prove the problem will work out in actual 
practice. Finally, as a result of this work, the pupils are better 
prepared to understand the experiment even though the teacher, 
in the end, performs it as a demonstration. In fact some of the 
pupils will test their theories of the more simple experiments be- 
fore bringing them into class to be discussed and criticised. The 
teacher should remember, therefore, that one of the most im- 
portant features of the experimental work is the discussion as to 
how the problem may be solved. It is only in this way that a 
certain element in each class will actually find out what it is all 
about. Criticisms and objections to various suggested plans for 
the experiment will enable these pupils to grasp more clearly the 
real question to be tested as well as the best means of testing it. 
It is only after the problem to be tested is clear, and the ways and 
means of testing it are evident that some of the sluggish, lazy 
pupils are willing to take the initiative and try the experiment as 
home work. However, as the teacher carries on the work, he 
can, by questioning, stir up the indifferent pupils and get from 
them, too, suggestions as to the way in which new experiments 
may be done. 

It has been the writer’s experience that the first year high 
school pupils soon become good critics of the fairness and accur- 
acy of an experiment. Furthermore, they are, in general, readily 
taught to be honest in this work. They soon see the value of an 
honest control experiment and many of them will insist on one 
before they are willing to accept the evidence as shown by the 
experiment. Then, too, they are quick to recognize defective 
experiments, even in our text-books; the practical worthlessness 
of a conclusion drawn from attempting to grow two seedlings, 
one of which has been mutilated, has been frequently pointed out 
to me by my pupils. With a minimum of a dozen of each kind of 
seedlings the practical results of the experiment are certain to be 
more accurate and to the pupil will seem fairer. 

It is often a stimulus to the experimental home work to have 
the pupils bring the experiment and the control to school. For 
this work the pupil should receive official mark because he must 
be made to feel that he has done, or at least has attempted,to do 
an integral part of the course. If the teacher is in doubt as to 
the genuineness of these home experiments, one or two detailed 
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questions will usually decide the matter. As a rule, the pupils 
can do only the more simple experiments at home. Of these, a 
full series of observations and notes should be made and, in many 
cases it is well to ask for illustrations also. Other experiments 
requiring more apparatus should be set up under the teacher's 
direction in class and the pupils required to make sketches and 
notes to show that they understand what the experiment teaches. 
Finally, some of the experiments are done more satisfactorily 
during the regular laboratory period. In these, too, the pupil 
must have a clear notion of the problem and of the reason for 
each step of the experiment. Otherwise many of the students 
will passively perform the experiment and not get its real sig- 
nificance. 

We have found it a convenience for our pupils to arrange the 
experimental work into three classes, (a) “laboratory work,” 
(b) “demonstrations,” and (c) “home work,” with the under- 
standing that the work in the first group is to be done by the 
individual pupil in the laboratory and is required of all; that the 
demonstrations are to be performed before the class by the 
teacher and by pupils with the teacher’s help, and that these 
observations, notes and conclusions form a regular part of the 
work and are required of all pupils unless marked optional. 
Finally, it is understood that the home work experiments are re- 
quired unless marked optional. The required home work must 
be written up in neat and logical form. 

A simple device that has been of great practical service in the 
experimental plant work, particularly the home work, has been 
called for want of a better name a pocket garden. It is made in 
a variety of ways, but a very serviceable one may consist of two 
negatives that have been cleaned, two pieces of black cloth the 
same size of the negatives, and several pieces of blotting paper 
the size of the glass and cloth. After the seeds have been soaked, 
the pocket garden is made by putting the wet blotters together 
and the pieces of cloth on each side of them; the seeds, half a 
dozen or more, are placed on the outside of each piece of cloth 
and the glasses are put outside the seeds and fastened together 
at the two ends by means of string or elastic bands. 

The pocket garden is now finished, and the student may watch 
through the glasses all the stages in germination of the various 
seeds which he has been asked to plant or cares to plant for him- 
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self. It is necessary to keep the interior moist, but if the garden 
is generously supplied with blotters it will maintain its moisture 
for several hours. We have no difficulty whatever in keeping 
dozens of these gardens in the laboratory indefinitely by putting 
them on edge into a pan which contains some water. The black 
cloth is used because the parts of the young seedlings are usually 
white, and, the root hairs, particularly, come out in sharp con- 
trast on the black background. 

These pocket gardens have been used in practically all the ex- 
perimental work suggested in the state syllabus under Séeds and 
Seedlings, Roots, and Stems, as well as in additional experiments 
not suggested by the syllabus. 

To use a single illustration, suppose the pupil wants to find 
out whether or not the roots and stems of germinating seeds have 
a constant direction of growth with reference to gravity. Two 
gardens may be used, and while one is kept in the same position, 
the other is shifted at all sorts of angles to see if there is any cor- 
responding response in the direction of growth of the roots and 
stems of the half-dozen young plants that are developing on each 
side of it. India ink marks on the glass may help to follow the 
migrating movements of these roots and stems. 

The syllabus does not suggest experiments under flowers and 
fruits. It would, however, help to emphasize the function of the 
flower as a whole, as well as of its stamens and pistils, if the 
teacher should, as a demonstration, pollinate the flowers of .a 
potted plant and compare the later development of these pistils 
with others like the begonia, from which pollen has been ex- 
cluded. 

If the pupils have already seen pollen under the microscope, 
and have observed as a demonstration pollen-tubes that have been 
germinated artificially, they have an apperceptive mass that en- 
ables them to understand better the purpose of the pollen, of the 
stigma, and of fertilization with its bearing on seed production. 
Since the flower is usually studied chiefly for its taxonomic im- 
portance, it will be well to emphasize to the student its real pur- 
pose as well as the purpose of its parts. 

In conclusion, too much emphasis cannot be placed on any 
work that will emphasize the fact that plants and animals are 
fundamentally alike—that the same great biological processes 
are going on in both. For example, the pupil knows that diges- 
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tion takes place within his own body, that he must be nourished, 
that he breathes by using up oxygen and giving off carbon 
dioxide, that there is a circulation of liquids going on within 
himself, that he is irritable and responds in definite ways to ex- 
ternal stimuli and that his body is carrying on other processes, 
but it has never occurred to him that the same biological activi- 
ties are going on in the plants about him. 


IDEALISM, AN AIM IN BIOLOGY TEACHING.* 
By Paut B. Mann, 
Morris High School, New York City. 


Secondary biology has been afflicted with varying aims and 
methods, a natural resultant of the youth of the subject, its 
breadth of horizon, wealth of material, diversified interests and 
fundamental possibilities. Some time, however, we shall emerge 
from this condition into a unity of biological purpose. And this 
purpose will be high and vitalizing, because it will be a reaction 
against stereotyped and cramping methods. Immature children 
of the first year of the high school will seldom be taught by a 
paper teacher of interrogation points, alias the “manual,” because 
the teacher will realize the significance of the opportunities neg- 
lected when any substitute is offered for the living contact of 
teacher and pupil. 

In considering the aim in biology teaching, we must remember 
that the method is often apparent to a casual visitor; the aim, 
while just as- definite, may be obscured by various class room 
conditions and not be discovered. But its importance cannot be 
obscured for the aim must largely determine the method. Some- 
times the aim accomplished in everyday practice does not accord 
with the aim of creed, but “it matters not so much where we 
stand as in what direction we are moving.” 

I am convinced that many teachers regard the children with 
the attitude of a photographer. In the laboratory are thirty sep- 
arate camera boxes carrying sensitized brain-plasm in each. The 
teacher carefully focuses them on the experiment or demonstra- 
tion, then draws the black slide of ignorance, develops the re- 
sults in recitation, and gets a more or less perfect reproduction 


*In substance, a paper read April 3, 1908, before the New York Association of Biology 
Feachers, New York City. 
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with fresh examination paper. (Note: Drill intensifies the 
image.) That is, education consists in carefully exposing chil- 
dren to knowledge. I think, however, of education as essentially 
a process of so feeding, pruning and caring for a plant that it 
blossoms and ultimately bears fruit. 

The first aim is as material as photography itself. In it the 
child is considered as a recording and transmitting brain and 
the treatment is essentially that for obtaining a perfect negative. 
But a child is so much more; is such a complex of mental causes 
and effects, often thirsting for the new, often led unwillingly 
to the fountain of knowledge, but always with such spiritual pos- 
sibilities that our aim becomes paramount. 

John E. D. Trask reminds us that “training, no matter how 
thorough, and knowledge, no matter how wide, never yet made 
an artist.” 

If education does not lead a child to realize somewhat his re- 
lation to the universe, education has failed. And its failure, then, 
would be because it did not give him any reasonable excuse for, 
nor interpretation of, the facts he has learned. “The struggle 
for existence is so intense in the lives of many as to make this 
material life intolerable unless relieved by faith in an end to be 
gained by the struggle.” 

Laboratory experiments therefore should be so perfectly con- 
ducted that the child obtains a true appreciation of the law in- 
volved. No experiment is complete without a direct or implied 
reference to the power governing the action. Experiments 
should also be conducted in such an orderly atmosphere as will 
inculcate appreciation of order in general. 

Drawings have a moral value. Children from the start ought 
to be taught to tell with the pencil the truth, the whole of the 
truth asked for, and nothing but the truth. Slovenly work. care- 
less outlines and inattention to accuracy should disappear not 
because of the disfavor of the teacher but through the changed 
attitude of the child toward truth telling. Many children at the 
start think that telling the truth is entirely an oral performance. 

What opportunities the laboratory exercises offer for the gain 
of independence and self-reliance! Every drawing is always a 
product of individual work from an individual viewpoint. Good 
drawings—and sincere efforts will always eventually produce 
them—are full of stimulating interest, especially when inserted 
in the notebook as original illustrations of the text. 
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In considering the essential aim of biology in laboratory ex- 

perimentation, dissection or drawing, I should like to ask 
frankly, Is not biology with the rest of the curriculum danger- 
ously near being only an intellectual course, without definite 
inoral aims and ends? To my mind biology, more than any 
other subject, offers opportunity for correlating subject matter 
to the great spiritual verities. 
_ The class may be studying seeds in the laboratory and in a 
crude way have determined the ingredients. The question comes 
up, could not some great biologist knowing all the ingredients 
manufacture such seeds artificially? Yes—but like the wonder- 
ful wax apples and flowers of the Smithsonian Institution, the 
factor of life is missing, and our best product would become a 
mere caricature of the original. 

Again, how wonderfully the hidden law operates to check the 
growth of those same seeds at just the right point of develop- 
inent so that the four hundred pupils in the Morris High School, 
simultaneously studying the internal structure of the dry bean 
seed are observing four hundred units practically identical even 
though produced over an area of as many miles and from differ- 
ent plants. When the growing seedling hangs out its green 
sign telling that its starch factory has begun operations, even 
the children may clearly see how indebted animals are to the 
power in plants. The indebtedness is further increased through 
the process whereby plants can utilize waste carbon dioxide and 
during the period of this work replenish the atmosphere with 
oxygen. 

When leaves are being studied, we place side by side an ex- 
ample of compound and simple leaves. What is the essential 
difference? Apparently it is an objective one, of form. But 
when one considers that chemically the food ingredients must be 
almost identical, it becomes a question of the selective power, 
the “invisible intelligence” which changes inorganic liquids and 
gases in the one case into a palmate veined maple and in the 
other into the compound leaf of the locust. When you can show 
your pupils a magnificent king apple grown from a graft on a 
puny crabapple tree the case is perfect, for here the food of each 
is obviously the same sap. 

And so the botanical applications might be multiplied where 
the apparently unseen governs the apparently seen, until one had 
included every page of nature. Take one or two illustrations 
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from human physiology. The chorde tendineae of the heart 
have an exquisite correctness of length where even a slight excess 
or shortening would be disastrous to their valves. The wonder 
of it grows, when we realize that in the development of the adult, 
they have grown ten fold while actually working, and have been 
changed cell by cell, so that at least every seventh year finds a 
‘new set. 

Whether someone shall, in the future, be able to give some real 
explanation of the physics of osmotic action is not necessary to an 
appreciation of its beautiful efficacy in animal and plant metab- 
olism. 

So let the child see how many questions there are unanswerable 
on a physical or material basis. He will soon see why. Her- 
bert Spencer voiced the expression of all great scientists when he 
said: “You cannot take up any problem in physics without being 
quickly led to some metaphysical problem.” If a child has been 
led to regard his body as an organism composed of nothing but 
transformed food, by means of which his mind finds material ex- 
pression, then he can readily see how all laboratory work with 
both animals and plants promptly divides into structure .and 
function. In studying structure he is gaining a knowledge sim- 
ply of the arrangement and characteristics of the organism. 
Function, on the other hand, is the organic expression of a 
power behind the material. It is in the realm of function that 
our unanswered questions lie. 

The fact that we are not able to answer all questions in biology, 
of itself suggests to the thoughtful mind the operation through 
the universe of a purpose and plan, emanating from an intelli- 
gence the highest we can conceive of. Furthermore, the con- 
ception of such a power which we may call, with Spencer, the 
“First Cause,” does not imply that we must in consequence be 
able clearly to understand the great moral purpose of the uni- 
verse. We do not understand because we are too much tangled 
up in materiality. But we are growing and beginning to under- 
stand. 

Ever since Dr. Beal in 1872, at the dawn of modern biology, 
defined bioplasm to the world as “living, forming, growing, self- 
producing matter,’ we have been steeped in materialism. Bio- 
plasm, more commonly called protoplasm, is defined in the 
Standard dictionary as “formative, living matter.” But any such 
statements reason blindly in a circle, trying to find the spiritual 


4 i; 
| 
| 
i a 
3 
| 
{ 
- 


‘ through technical instruction alone. There is no manual for 


774 SCHOOL SCIENCE AND MATHEMATICS 


“First Cause” in matter and making gods of the various modes 
of matter, which at best are the transient symbols of the unseen 
realities. 

If pupils get only the materialistic, that is the common view- 
point, life must later become to them only a series of material 
causes and effects. They learn to live and expect to live passively 
in their sensations, out of which in reality they create their world. 
In the second place such thinking—or lack of true thinking— 
induces lives devoid of altruism, self-centered because each self 
is considered an independent creative power. This one effect 
challenges our thought. Thirdly, all highest and deepest think- 
ing is stifled. Here are no broad and fundamental interpreta- 
tions of life. 

On the other hand, I have found the following results from 
even small attempts in aiding children to spiritualize their world. 
First—Children gain reverence in the thought of “a power not 
ourselves which makes for righteousness.” Second—Some of 
them become humble searchers after truth and for a knowledge 
of that power greater than themselves. Third—They become 
inore sensitive to the demands of right living. Fourth—They 
are more companionable, teachable, and radiate unselfishness. 
They are more unselfish, because Fifth—They are beginning to 
realize that they are each an important part of the great cosmic 
process. 

These results may not necessarily appear now. I have never 
yet been in a class where I was apprehensive that the millennium 
had actually come. But these results are certain to follow, some 
in short order and others later. 

Now all this may seem unpractical and even visionary tran- 
scendentalism. But I maintain that in order to be truly practical 
we must be idealists. Life is more than bare facts, so called. 
Lindsay says in the “Spiritual Care of a Child’: “Can we lift 
our children higher than our ideals? Can we lift them at all, 
if we do not work out our ideals in some practical way?” The 
teacher who has raised a child to a glimpse of the divinity in a 
blade of grass has done infinitely more than could ever be done 


this higher teaching. But the teacher who has the vision can and 
does bring it to others. Let me quote my text from John Fiske: 
“The cosmic process exists purely for the sake of moral ends.” 
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BIOLOGY A SINGLE SCIENCE. 


By Epcar N. TRANSEAU. 
State Norma [School, Charleston, Ill. 


A year being assumed as the time limit for biological science in 
the high school, familiarity with the present methods of present- 
ing botany and zodlogy leads one to hope that there is something 
better in store for the pupil of the future than the present basis 
for presenting biological ideas. 

Assuredly biological topics can be presented to classes using 
either plants or animals as a basis. But if we study the plans of 
inost of the text-books now in use in either botany or zodlogy, 
we must be struck by the dearth of biological principles em- 
phasized. 

Is not biology very much in the position of the physical geog- 
raphy and geology of a generation ago? There were so many 
facts to be presented about topographic forms, climates, etc., that 
physical geography was organized purely on a pigeon-hole sys- 
tem, and the one principle in geology worthy of emphasis was 
the succession of rock formations. The revolution in these sub- 
jects came about by the readjustment of the facts on a dynamic 
basis. Processes are now made the basis of the subdivisions of 
the subjects. The same facts are presented, but who does not 
appreciate the marked advantage of the present system over that 
of the past? In the older presentation the “wealth of facts” de- 
termined the method. In the newer, the processes and basic 
principles of earth science have determined the method and con- 
trolled the facts. 

Look at the “best sellers” among biological text-books. The 
one principle that forms the basis for all is the great principle 
of development of the more complex from the simpler organisms 
treated more or less adequately from the standpoint of structure 
alone. To be sure there are Anhdnge that treat briefly topics in 
anatomy, physiology, ecology and economics. Is this not ex- 
actly comparable with the succession of rock formations of the 
older geology, with its Anhdnge of earthquakes, volcanoes, and 
primitive man—except that “practical” topics in mining and 
metallurgy were never urged as a necessary part? 

If we have in biology no other great principles about which to 
organize our facts than that of morphological evolution we ought 
to be satisfied with the “type series,’ with such side topics as 
grafting, pruning, mapping of plant societies, seed testing, corn 
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products, food inspection, dairying, and cattle raising to enable 
the student to see “the broad areas of contact with his own life.” 
“Wealth of facts” is the real bete noir of those who think that 
everything that is or was a plant or animal must be assimilated 
into biology. 

There are those who assert that our great pedagogical advan- 
tage in biology is our ability to “go from the particular to the 
general” and that all this would be lost were the subject to be 
organized about the processes and principles. These may find an 
answer by examining into the history of physiography. The 
older physical geography went from “the particular to the gen- 
eral.” Would anyone venture to assert that this opportunity for 
inductive thinking has been lost through its reorganization on a 
dynamic basis? Is there not more chance for inductive training 
in the laboratory study of the development of stream valleys than 
in the contemplation of all the kinds of undissected and dissected 
land areas? Is there not more value “practical, pedagogical, and 
scientific” in the study of volcanoes from the standpoint of 
process than from the standpoint of “types”? I have dwelt on 
these examples from a neighboring science because this subject 
has been released from the thraldom of “wealth of facts” within 
our own times. 

Biology will surely come as a scientific subject worthy of a 
place beside physiography, physics, and chemistry, but not until 
it is organized on a genetic and dynamic basis. This will neces- 
sitate a very different point of view from that of a recent text in 
which forestry, agricultural and horticultural topics, associated 
with a harmless chapter on cryptogams, are followed by de- 
scriptive matter similar in plan to that of.a zodlogical-garden 
handbook, and some human physiology, with appropriate remarks 
on corsets, suspenders, and cuts of beef. If this is to be the sub- 
stitute for our present botany and zoology, let us resist every 
effort for a change. It is a question in my mind whether our 
attitude should be very different toward the biology that will be 
constructed by “the selection and presentation not so much of the 
facts as of the great ideas and principles which may be drawn 
from organized study of a series of plant and animal forms.’ Is 
our material of such a nature that we must forever work from the 
form back to the process? Are there no approaches to the sub- 
ject except via the types? 

There is a growing feeling in certain quarters that biology has 
within its legitimate domain a number of processes and principles 
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about which plant and animal facts may be grouped in a genetic 
manner ; that variation, heredity, ontogeny, phylogeny, and en- 
vironmental relations are all susceptible of dynamic treatment ; 
and that on this basis there will result a new biology. Such an 
advance in point of view cannot of course be brought about in a 
year, but fortunate will be those who can contribute toward its 
development. 


THE RELATION OF THE SCIENCES IN THE HIGH SCHOOL. 
By H. R. LInvitte, 


Jamaica High School, New York. 


A history of the origin of secondary schools would be inter- 
esting in showing the process of the accumulation of subjects 
from the lower years of the college course. One can truly say 
that the high schools have been produced by the continued in- 
sistence of the college on the preparation of students in an in- 
creasing number of subjects which were college subjects. 

The colleges have “passed on” work that they have chosen not 
to do, until the high school course increasing from one to four 
years is now so full that sharp competition has developed be- 
tween the subjects. There was a time in the history of high 
schools when mathematics, ancient languages and general his- 
tory just about took up the energy of the pupils, but when the 
English and other modern languages, ancient, mediaeval and 
American history and the sciences, came to claim a portion of 
the pupils’ time, competition was inevitable. 

Some of the competition, especially that which threatens be- 
tween the sciences in the high school course of study, is liable to 
prove extremely wasteful. There are four (or five) sciences 
which in relation to the competition for being credited by col- 
leges are striving for a place in the third or fourth year of the 
course. It is probable that nowhere in the country is there a high 
school curriculum established that has a science course arranged 
with reference to the logical relation of the sciences. Usually 
physics and chemistry have the third and fourth years, and 
biology and physiography take the first and second years or 
struggle precariously with the better established sciences for a 
place in the later years. 


*abstract of an address to the Pacific Coast Association of Physics and Chemistry 
Teachers, Summer Meeting, July 25, 1908. 
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‘Teachers of science have it in their power to contribute ma- 
terially to the saving of educational energy in certain important 
ways. First, they can demonstrate to the people that the study 
of the facts and principles of the branches of natural science are 
necessary to the comprehension of man’s environment. If the 
necessity of knowing the environment could be impressed on the 
minds of people, every high school would teach the sciences as a 
matter of course. The second point that might be made by 
teachers is that there is a unity in the sciences which can be 
brought out by discovering and expressing the logic contained 
therein. There are fundamental facts and principles upon which 
the great generalizations are based. 

When the thought of teachers is directed toward finding out 
where their science stands in relation to others, there will be less 
striving for the “best” years in the high school course. The 
great usefulness of the sciences in general education will then 
become apparent. 


A LETTER. 
Minneapolis, Minn., Noy. 4, 1908. 


editor ScHoot ScieENcCE AND MATHEMATICS :— 

As I am a teacher of botany I am particularly pleased with the 
turn taken in the November number against the teaching of biology 
as a single science. In October I thought we were going back into 
the dark ages. The idea of any one thinking that there is not enough 
of botany of practical interest to fill two semesters! I could use 
several years to advantage. Very truly yours, 

(Miss) 


The tin question is a serious one for Russia. At the present moment, 
with the final stopping of the Pitteiranti tin-smelting works, this 
industry becomes completely suppressed in Russia, and that just at a 
time when tin is getting so valuable. The quantity of tin imported 
into Russia in 1904 was 301,000 poods of the value of 5,730,000 rubles. 
Therefore it was most desirable that a tin industry should be a feature 
in Russia. At the Pitkransk deposits such would not be possible, for 
the tin there is only obtainable along with other useful minerals in 
very small quantities. Therefore very serious attention should be paid 
to the tin deposits of the Transbaikal region on the Asian river, which 
but now have been sufficiently prospected, and in both quantity and 
quality are hardly surpassed by any known tin deposits. 
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SCIENCE LABORATORIES AT THE ENGLEWOOD HIGH 
SCHOOL. 


By Wiis E. Tower Anp F. C. Lucas, 


The visitor to the Englewood High School, Chicago, is im- 
mediately impressed with the convenience and arrangement of 
the science laboratories. These having been completed within 
a year, contain some of the latest ideas in laboratory construc- 
tion. 

The chemical laboratory, lecture and other rooms of this de- 
partment are on the third floor where the fumes may be readily 
withdrawn without affecting the rest of the building. The 
physics department is on the second floor, while the botany, zo- 
ology, physiographic and commercial geography laboratories are 
en the first floor. 


. 


Plan of Physics Laboratory. 


Ewclewood Hich Schoo! , Chicaco 
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The physics department occupies six rooms, a laboratory 26 
by 62 feet, a lecture room 30 feet square and seating fifty, a shop, 
preparation, photometric and store rooms. 

Some features of the laboratory have awakened especial in- 
terest and will be given in some detail. 

The laboratory tables have built up wood tops with alternate 
strips of black walnut and hard maple. Four screw plates for 
13 and 19 mm. laboratory support rods are set flush with the 
wood top. Each table has 24 lock drawers for individual pupils 
and is supplied with four electric and four gas outlets. 
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The instructor’s table is designed for a teacher’s desk as wel! 
as for demonstration purposes. It stands upon a platform raised 
six inches and is at the side instead of the end of the room so 
as to be within easy reach of every pupil. 

Behind the table and above the platform is a slate blackboard, 
on either side of which are cases for apparatus and compartment 
drawer cases for other material and supplies. The instructor's 
table is supplied with gas and electric current at several pres- 
sures, and with compressed air. The latter is also available at 
wall tables, for blast lamp work, drying apparatus, and experi- 
mental purposes. 


Puysics LABORATORY. 


In one corner of the room is a fireproof vault having a com- 
bination lock safe door. This is provided for the safe keeping 
of valuable apparatus. 

In the opposite corner is a bay window containing a reading 
table. Near this are cases with books for reference and supple- 
mentary reading. 

A chloride accumulator storage battery of twelve 5-E cells 
with facilities for charging and testing is at one end of the room. 
Next to this is the laboratory switchboard controlling a variety 
of electric currents for lighting and experimental purposes. 
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Near the door are keyboard and notebook cases. 

The room as a whole is well lighted, facing the south and west. 
It therefore has direct sunlight available whenever the sun is 
shining. 

From the laboratory a direct connection through the prepara- 
tion room and shop to the lecture room is provided. 

The lecture room has a south exposure making possible the 
use of direct sunlight at any time. Cases for apparatus extend 
along one side making it possible to place most of the lecture 
and demonstration apparatus in the room in which it is to be 


used. 


Puysics LABORATORY. 


Two opaque screens are used. One at the corner of the front 
of the room makes possible the use of a stereopticon on the lec- 
ture table. The latter has the usual conveniences, including 
steam and compressed air. This brief description is accom- 
panied by a plan and halftone of the physics laboratory. De- 
scriptions and views of the other laboratories will be given in 
future issues of ScHoot SclIENCE AND MATHEMATICS. 

The biological laboratories occupy the southwest corner of 
the first floor. They consist of a laboratory for zodlogy and one 
for botany, with a private laboratory and storerooms between, 
where they may be used by both departments. 
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The zodlogy laboratory is about sixty by forty feet and has 
light from the west and south. At the east end are placed lecture 
chairs, thirty-six in number, facing south toward a platform 
which is in a bay window. On this platform is the customary 
teacher’s desk. There is a small blackboard at the back and a 
curtain, on spring rollers, in front of the desk, for projection 
work, the lantern being back of the seats and operated by elec- 
tricity. 


BioLocy LABORATORY. 


The remainder of the room is devoted to laboratory purposes 
and for this is provided with tables for thirty-six pupils. These 
tables are of the pattern adopted by the board of education for 
its biology laboratories but have black tops. On the north side 
of these tables is a demonstration table, considerably higher 
than the laboratory tables, with a small preparation table on one 
side and a reading table on the other. 

The aquaria are at the extreme west end in another bay win- 
dow and are adapted to keeping the various animals required for 
the work. 

The botany laboratory has the same general plan, but has no 
recitation seats. A special feature is a large table at the west 
end, one half being a demonstration table with gas and water 
connections and the other a series of deep and shallow tanks for 
the growth of algae and other plants. 
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PROBLEM DEPARTMENT. 


IrA M. DeLOona, 
University of Colorado, Boulder, Colo. 

Readers of the Magazine are invited to send solutions of the problems 
in this department and also to propose problems in which they are in- 
terested. Problems and solutions will be duly credited to their authors. 
Address all communications to Ira M. DeLong, Boulder, Colo, 


Algebra. 
118. Find two simple fractions whose denominators are 9 and 5 and 


whose sum is 2*/,,. 
I. Solution by Wm. B. Borgers, Grand Rapids, Mich. 
From the equation of m/9 + n/5 = (Sm + 9n)/45 = ™"/,, we obtain 


fim + mm = 113. Therefore a multiple of 5 must be subtracted from 
113, leaving a multiple of 9 for remainder. By “casting out the 9's,” 
it is seen that m = 1, when n = 108 and n = 12. This gives the 


fractions */, and “/,. Any other value of 5m must be 5 plus a multiple 
of 9, and therefore 5 plus a multiple of 45. Hence the other values 
are 50 and 90. The three solutions are therefore: 

and */, anit ‘/,, */, ant */~ 

II. Solution by Martin L. Fluckey, Shreve, Ohio. 

Let the fractions be 2/5 and y/9, then 92 + 5y = 113. Since # and y 
are both integers, neither can be less than 1, whence x cannot be greater 
than /,, or 12, and y cannot be greater than ("**) /,, or 20. Suppose 
7 = 12, then y= 1. But suppose y is greater than 1 by a quantity m. 
Then « = [113—5 (1 + m)]/9 == 12 + 5m/9. Thus, m must be a 
multiple of 9 in order that x shal! be an integer. If m = 9, then y = 
19. 2 =—2. Since y can be no larger, 
the fractions are '/, and and 7/;, and ?/,. 

119. Proposed by A. J. Lewis, A.B., Denver, Colo. 

A and B start to build a brick chimney in the form of the frustum 
of a pyramid, the lower and upper bases of which are 10 and 2 ft. 
respectively, the altitude 50 ft., and the flue 20 inches square through- 
out. They decide that the amount of work in laying is 7/, of the 
amount of work in carrying. A begins laying and B carries for him. 
How high must they go before B begins laying and A carrying if they 
each want to do an equal amount of work? 

I. Solution by G. B. M. Zerr, Ph.D., Philadelphia, Pa. 

As nothing is indicated to show where the bricks are placed, it is 
to be presumed that they are furnished at the height of which they are 
laid, so that each carries half the bricks while the other lays half. 
Now 20 inches = 1?/, ft. Let h = he‘ght required, side of square 
at height h, then 
h/3(100 + + — */,h = (4 + 4+ (*h)/, — */,(50 — h) 
or, 131k + 3hz* + 18¢ = 150e@ — 325 + 75 (1) 
From (1) and (2), 

48h? — 9000h? + 546875h — 5421875 — 0, 
and == 1233 ft. 
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Geometry. 

107. Remark by G. E. Congdon, Hiawatha, Kan. 

It is interesting to note in Problem 107 that the perpendicular bisector 
of the side BC must bisect the are of the circumscribed circle, and 
that the bisector of the angle A also bisects the are BC and therefore 
the two lines meet in the circumscribed circle, and outside the tri- 
angle if the lines are not coincident. Further, AR + RB = AS + SC 
considering absolute values only. But since the lines BR and CS are 
measured in opposite directions, considering their algebraic values the 
equation is AR + RB = AS — SC. 

120. Proposed by Gertrude L. Roper, Detroit, Mich. 

A man has a 400 ft. lot facing a north and south street. The north 
and south lines are 1200 and 1500 ft. respectively. The lot runs to an 
angling street and measures 500 ft. Where shall he build a fence 
parallel to the 1200, 1500 sides so that his two sons may share 
equally in the estate? 


Solution by W. T. Brewer, Quincy, Ill. 

Half the area of the lot is 270,000 sq. ft. Put 100 = a; then 400 = 
4a, 1200 = 12a, 1500 — 15a, 270,000 = 27a*. Let « = length of fence, 
2y = distance of fence from the north line of lot. 

Adding these equations, and solving for 2, 

rz = %(24a + 3y). Substituting this value in (2) and reducing 
y? + 16y = 18a*; whence 2y = 211.076 ft. 

121. Proposed by A. M. Harding, Lafayetteville, Ark. 

Given the sum of the three sides of a triangle, the vertical angle, 
and the perpendicular from the vertical angle to the base. Construct 
the triangle. 


Solution by D. L. Hines, Circleville, Ohio. 

Upon the perimeter construct a segment of a circle that wiil con- 
tain an angle equal to 90° plus half the vertical angle. At a distance 
from the perimeter equal to the perpendicular draw a line parallel to 
the perimeter. Join one end of its intersections with the are of the 
segment to the extremities of the perimeter. Draw the perpendicular 
bisectors of the last mentioned lines, and join the intersections of 
these bisectors with the perimeter to the extremity of the parallel 
already slected, and these two lines, together with that part of the 
perimeter comprehended between them form the required angle. (See 
Wentworth’s Plane Geometry, Ex. 148, p. 128.) 


Applied Mathematics. 

122. Proposed by Walter L. Brown, Fancher, N. Y. 

According to the law of gravity a mass with a given momentum 
acted upon from a given point by gravity travels in a conic; if it 
traveled in a semicubical parabola, y? = az*, what would the law of 
attraction be? 


Solution by G. B. M. Zerr, Ph.D., Philadelphia, Pa. 
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1 u 
The polar equation is u = a cot*#@cos#, where uv = y: Hence 7 = 


20 6 6 d ane 6acosé 
a — cot®(2cscé +- sin@) an = ~ 
.F= v1 ~s ~—— is the law of attraction in terms of 2, / being a 
constant. 


CREDIT FOR SOLUTIONS RECEIVED. 


Geomeiry 89. G. E. Congdon. (1). 

Geometry 107. G. E. Congdon. (1). 

Algebra 113. Thomas B. Gill, Irvin BE. Kline, Calvin M. Woodward. (3). 

Trigonometry 116. Gertrude E. Upton. (1). 

Algebra 118. T. M. Blakslee, Walter L. Brown, P. S. Berg, Wm. B. 
Borgers, W. T. Brewer, G. E. Congdon, Martin L. Fluckey, 
A. M. Harding, D. L. Hines, Irvin E. Kline, Gertrude 
L. Roper, O. R. Sheldon, Wilfred H. Sherk, Fred J. 
Taylor, Jessica K. Turner, H. C. Whitaker, G. B. M. 
Zerr. Also one incorrect solution. (18). 

Algebra 119. Walter L. Brown, Martin L. Fluckey (2 solutions), Ger- 
trude L. Roper, H. C. Whitaker, G. B. M. Zerr. (6). 

Geometry 120. T. M. Blakslee, Walter L. Brown, P. S. Berg, Wm. B. 
Borgers, W. T. Brewer, G. E. Congdon, Martin L. 
Fluckey, A. M. Harding, D. L. Hines, Gertrude L. Roper, 
O. R. Sheldon, Fred J. Taylor, H. C. Whitaker, G. B. M. 
Zerr. (14). 

Geometry 121. A. M. Allison, Walter L. Brown, G. E. Congdon, A. 
Grossman, D. L. Hines, H. C. Whitaker, G. B. M. Zerr. 
Also one incorrect solution. (8). 

Applied Mathematics 122. G. B. M. Zerr, Walter L. Brown. (2). 

Total number of solutions. 54. 


PROBLEMS FOR SOLUTION. 


Algebra. 


128. Proposed by J. J. Browne, Golden, Colo. 
Solve 
be + cy + az = be + ca + ab 
cr + ay + be = be + ca + ab 
+ BF + 
129. Proposed by Gertrude L. Roper, Detroit, Mich. 
Explain the following fallacy: 
16 — 36 = —20 = 25 — 45, 
16 — 36 + = 2 — 45 + YY, 
and therefore (4 — °/,)* = (5 — °/,)’, 
and since 4 — °*/, = 5 — */,, 


*See A. G. Webster's, The Dynamics of Particles and Rigid, Elastic and Fluid Bodies: 
Page 39.—Fd. 
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130. A and B traveling the same road were at two towns @ miles 
apart at the same time. On coming together it was found that A, the 
faster traveler had gone b miles and that the time was equal to the 
difference of their rates. Find their rates. 


Geometry. 


131. Proposed by Jno. A. Hodge, New Albany, Ind. 

Two ladders, 80 and 100 ft. long, have their bases on the opposite 
sides of a street and lean on the walls of buildings opposite them. If 
from their point of intersection to the ground it is 10 ft., what is the 
width of the street? 

132. Proposed by G. E. Congdon, Hiawatha, Kan. 

Given the base, the vertical angle and the radius of the inscribed - 
circle, to construct the triangle. 


Applied Mathematics. 


133. Proposed by Irvin E. Kline, Blairstown, N. J. 
A rifle ball is let fall from a balloon 500 ft. high, on a lake 40 ft. 
deep. How long until it reaches the bottom of the lake? 


The following convenient method of section lining a blackboard is 
used by Superintendent G. E. Wright of the Murray, Iowa, schools: 

Grind common crayon to a powder and mix it to a thin paste with 
mucilage and carefully marking our section into 5 em. distances both 
above and below and each end (marks corresponding of course) we 
use a common wrapping cord as a “snap cord” and wetting it in the 
paste snap it across the marks previously made and let dry. With 
proper care this ruling will last a long time and can be easily re- 
newed. Any surplus paste can be removed with a damp cloth, 


THE LIQUEFYING OF HELIUM. 


Pror. ONNES’ REMARKABLE ACHIEVEMENT. 


On July 10 Prof. H. Kamerlingh Onnes, of Leyden University, and his 
assistants had the satisfaction of seeing a considerable volume of liquid 
helium remain for some hours. This conquest over the last and most 
refractory gas was made known within a day or two, but few details 
were given until the appearance of the official publication, from which 
this note is taken. 

The day before the successful exper:ment, July 9, was devoted to the 
preparation of 75 liters of liquid air, and at 5:45 a. m. on July 10 the 
work was commenced to obtain the necessary liquid hydrogen. By 
1:30 p. M. 20 liters were standing in the special vacuum glasses. Mean- 
while the helium and hydrogen circulations were pumped free of air 
and washed through with their respective gases, and a start was made 
to cool the liquid-air glass. At 2:30 hydrogen cooled by liquid air was 
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tuken through the hydrogen glass, and by 3 Pp. M. the temperature was 
down to —180 deg. C. At 4:20 the helium circulation was started, 
liquid hydrogen was introduced into its glass, and the pressure lowered 
until at 5:20 p. m. it reached 6 cm., at which it was kept. Between 
5:30 and 6:30 the pressure of helium in the spiral was gradually raised 
to 100 atmospheres. At 6:35, when the pressure was allowed to fall 
rapidly to 40 atmospheres, the helium thermometer indicated a tem- 
perature below that of the liquid hydrogen; nearly 6 deg. K. was read 
once. At this time the last reserve of liquid hydrogen was connected, 
and no liquid helium had been seen. A quicker expansion was allowed, 
and the temperature fell and constantly returned to the same tempera- 
ture of less than 5 deg. K. It was as though the thermometer stood in 
liquid. 

Somewhat later, at about 7:30, the surface was seen at the top of 
the vacuum glass. The liquid having been found under ordinary pres- 
sure there was no doubt that the critical pressure was more than 1 
atmosphere. The surface was illuminated from below, and had the 
appearance of a liquid near the critical state in a Cagniard de la Tour 
tube, cutting the walls like knife-edges, though in this case the 
diameter was 5 centimeters. There was also a marked contrast between 
the helium and the hydrogen in the next outer tube. Some of the 
evaporated helium was now collected and used for a density determina- 
tion giving 2.01. At 8:30 the pressure on the helium was reduced, and 
2.3 centimeters was measured. The pumps, however, caw give 2 milli- 
meters, and it is quite possible that as little as 7 millimeters was 
reached, but no solid could be seen. At 9:40 only a few centimeters of 
liquid helium remained. Thus liquid helium, starting with an amount 
exceeding 60 centimeters, had been under observation for more than 
two hours. 

All the evaporated helium was collected into three portions, which 
gave densities of 2.04, 1.99, and 2.02. As a further test of purity a 
special comparative spectroscopic invest:gation was made with known 
mixtures of hydrogen with helium, and it proved that not more than 
0.008 per cent hydrogen was present. This high degree of purity is 
also confirmed by the easy working of all cocks, which would have 
been stopped by a very little frozen hydrogen, and also by the con- 
dition of the last remaining liquid. The thermometer was also con- 
trolled by a measurement of the boiling point of oxygen, which gave 
89 deg. K. instead of 90 deg. K. 

The properties found are as follows: A boiling point at 4.3 deg. K. on 
a constant volume helium thermometer with a pressure of 1 atmosphere 
at about 20 deg. K. Corrected to the absolute scale the best value 
would appear to be 4.5 deg. K. The triple point, if it exists, is cer- 
tainly below 1 centimeter, perhaps below 7 millimeters, at wh'ch, by 
corresponding states, the temperature would be about 3 deg. K., and 
the liquid remains very mobile. 

Liquid helium has a dens:ty of 0.15. At the boiling point the ratio of 
vapor to liquid is,1:11, which indicates a critical temperature of not 
much more than 5 deg. K., and a critical pressure of about 2.3 atmos- 
pheres.—Abstracted from Nature. 
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SCIENCE QUESTIONS. 
By FRANKLIN T. JONES, 
University School, Cleveland, Ohio. 


Propose questions for solution or discussion. 
Send in solutions of questions asked. 
Send examination papers in the sciences. 


The following three questions are reprinted from former issues of 
ScHOOL SCIENCE AND MATHEMATICS: 

Proposed by EB. EB. Burns, Medill High School, Chicago, Ill. 

A steel spring is wound up. It is ther dissolved in acid. What 
becomes of the energy which the spring is supposed to possess on 
acdount of its tension? 


Proposed by Charles H. Korns, Bradford, Pa. 

A man weighs 150 pounds on a spring at the equator. What would 
he weigh at the north pole? On the moon? On the sun? What would 
he weigh at each of these places on a platform balance? 


Proposed by J. C. Packard, Brookline, Mass. 

How large a square cut from the paper on which this magazine is 
printed would be required—upon a rough estimate—to produce one 
“alorie of heat when burning in the open air? 


There is a train of flat cars one mile long traveling at the rate of 
one mile a minute. A man stands on the front end and also one on 
the rear end who has a rifle that will shoot a ball at the rate of 
one mile a minute. When he shoots at the man on the forward end 
will the bullet reach him? 


Solution by W. L. Malone, Fern Hill, Wash. 

If the action of gravity were suspended, the bullet would reach the 
man, but as the bullet would obey the second law of motion it would 
certainly fall and be imbedded in the train of cars within one second 
after it was fired, the time depending upon the height above the car 
the gun was held when fired. 

[The answer published in the June number will be a surprise to 
many, especially when on reversing the operation, the bullet is made 
to remain stationary in mid air for a whole minute.] 


THE CLASSIFICATION OF CLIMATES. 


We call the attention of our readers to a most instructive series of 
articles by Prof. R. DeC. Ward, on “The classification of climates.” 
published in the Bulletin of the American Geographica! Society, for 
July and August, 1906. After explaining in detail the many classifica- 
tions that have been suggested by various students, Professor Ward 
concludes as follows: 
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“The broad classification of climates into the three general groups 
of marine, continental, and mountain, with the subordinate divisions 
of desert, littoral, and monsoon, is convenient for purposes of sum- 
marizing ‘the interaction of the climatic elements under the controls 
of land, water, and altitude. But in any detailed study some scheme 
of classification is needed in which similar climates in different parts 
of the world are grouped together, and in which their geographic 
distribution receives particular consideration. It is obvious from the 
preceding paragraphs that an almost infinite number of classifications 
might be proposed; for we may take as the basis of subdivision either 
the special conditions of one climatic element, as, for example, the 
same mean annual temperature, or mean annual range of temperature, 
or the same rainfall, or rainy seasons, or humidity, and so on; or, again, 
similar conditions of the combination of two or more elements of 
climate may be made the basis of classification; or we may take a 
botanical or a zoédlogical basis. Of the classifications which have been 
proposed, special reference is here made to those of Supan, Képpen, 
and Hult. That of Supan, taken as a whole, gives a rational, simple, 
and satisfactory scheme of grouping, whose frequent use in climatic 
descriptions would tend toward system, simplicity, and facility of com- 
parison. It emphasizes the essentials of each climate, and serves to 
impress these essentials upon the mind by means of the compact, well- 
considered verbal summary which is given in the case of each province 
described. Obviously, no classification of climates which is at all 
complete can approach the simplicity of the ordinary classification of 
the zones. 

“Koéppen’s admirable scheme of subdividing climates frem_ the 
botanical point of view is distinctly rather for the use of students 
of plant geography than of general climatology. The present limits of 
the different climates in Képpen’s map will doubtless need to be 
changed in several cases, as more detailed botanical studies throw 
further light on the geographical distribution of different plants, and 
no rigid delimitation of plant zones is ever satisfactory to everyone. 
But Képpen’s classification has the great merit of recognizing the 
existing differences of climate between east and west coasts, and 
between coasts and interiors. The codrdination of districts of vegeta- 
tion and of climate, which this scheme so strikingly emphasizes, is a 
noteworthy fact in climatology. 

“Hult’s classification is far too detailed, if all the smaller provinces 
are taken into account; but if only the larger kingdoms are considered, 
as in plate II [not reproduced], the scheme is useful. It, however, 
possesses no advantages over that of Supan, which takes account of 
more typical characteristics of climate. Ravenstein’s hygrothermal! 
types rest upon unsatisfactory data, and regions of very different 
climatie conditions are grouped together because they happen to have 
the same mean annual temperature and relative humidity.”—Weather 
Review. 
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THE DEFINITION OF AN ANGLE. 
By F. Wauire, PH.D. 


State Normal School, New Paltz, N. Y. 


The article in the October number of ScHoot ScIENCE AND MATHE- 
MATIcSs, by Professor G. A. Miller, on “Some Questionable Terms and 
Definitions Used in Elementary Mathematics,” I have read and en- 
joyed. One always reads and enjoys anything from the pen of Pro- 
fessor Miller. In the last paragraph he offers a definition about which 
I should like to ask some questions. The term defined is “the angle 
between two straight lines in the plane,” and this is the definition 
proposed: “the amount of rotation which one line may undergo around 
any one of its points and become parallel to the other line.” I want 
to ask three questions: 

1. Should it not read, “any one of its points except that common 
to the two lines” (the vertex of the angle)? But perhaps this may 
be dismissed as a quibble. 

2. This definition has the merit that it raises no question about 
angles greater than 27 until the pupil raises it, and when the pupil 
makes such an inquiry the definition answers it and leads to a broad 
conception of the term angle. But suppose the line be revolved in the 
wrong way. If the pupil chooses a point in the left arm of the angle 
and revolves the line in the positive direction, must he not revolve 
through the supplement of the angle first in mind? If the angle 
is of 45°, the revolution is, in the case supposed, through 135°, is it 
not? Should the definition specify the direction of the revolution pro- 
posed ? 

3. Does the definition not imply that whatever one of the points in 
an arm be chosen, the amount of rotation necessary will be the same, 
and hence that the corresponding angles made by parallels with a trans- 
versal are equal? It seems to me on a first reading that, if we should 
construct a geometry on this definition of “angle,” we should have 
no further trouble with a parallel-postulate. If on investigation that 
should prove to be true, we have here a definition with the Euclidian 
postulate concealed in it. 

If one of these questions raises a valid objection, the definition might 
be classed with those which the author justly punctures. After many 
definitions have been shown in the article to be useless or incomplete, 
and one definition is proposed, it would be a pity if that one is likewise 
open to attack. How much. easier is destructive criticism than con- 


structive! 


The demand for tungsten ores and products during the first nine 
months of 1907 was much greater than that of 1906; prices were high, 
mining and prospecting were both actively carried on, and as a result 
the output of the United States was increased from a total of 928 
short tons of concentrates carrying 60% of tungsten trioxide in 1906 
to 1,640 short tons in 1907, while the value rose from $348,867 in 
the earlier to $890,048 in the latter year. 
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PERSONALS. 


Mr. Elmer McClain is now Principal and instructor in Mathematics 
and Science at the high school, West Newton, Indiana. 

Miss Edna McCormack is now teaching Biology in the high school 
at Indianapolis, Indiana. 

Miss Grace Mills is now teaching Science in the high school at 
Sullivan, Illinois. 

Miss Zela Perkins has been appointed to teach Chemistry in the 
high school at Mevominee, Wisconsin. 

Miss Helen A. Slaught, 4 graduate of Vassar College, is teaching 
Sciences at the high school in Canon City, Colorado. 

Mr. James A. Smyser has been appointed teacher of Physiography at 
the high school, Joliet, Illinois. 

Miss Addie A. Spohn is at Woodstock, Illinois, teaching Mathematics 
in the high school. 

Miss Hildur C. Westlund is now teaching Mathematics in the high 
school at Harvard, Illinois. 

Mr. H. C. Wright has gone to the Clyde Township High School, 
Berwyn, Illinois, to teach Mathematics and History. 

Mr. Hamilton C. Badger has been appointed tescher of the Sciences 
at the high school, Pocatello, Idaho. 

Mr. Clyde M. Bauer is teacher of Physiography at the Township 
High School, Centralia, Illinois. 

Mr. Adolph Bernard, Ph.D., has been re-elected for the third year 
as teacher of Science at the high school, Green Bay, Wisconsin, 

Mr. H. E. Bennett is now teaching Mathematics at the high school, 
Muskegon, Illinois. 

Mr. Walter Hart, formerly of the University High School, Chicago, 
is now head of the department of Mathematics in the Shortridge High 
School, Indianapolis, Ind. 

Mr. Jesse Brenneman has gone to the h'gh school at Decatur, Illi- 
nois, as teacher of Physiography. 

Mr. William Bryan is at Palo Alto, California, teaching Chemistry 
in the high school. 

Mr. W. D. Buchanan is teaching Sciences at the Northern Arizona 
Normal, Flagstaff, Arizona. 

Miss Florence A. Cutright is principal of the high school at Fairfield 
Illinois, and also teaches Physiology. 

Miss Mary L. Dement was appointed to teach Sciences at the new 
Trier High School, Kenilworth, Illinois. 

Mr. Homer G. Derr has gene to the high school at Butte, Montana, 
as teacher of Physics. 

Mr. H. R. Kingston is at the Shortridge High School, Indianapolis, 
Indiana as instructor in Mathematics. 

Mr. Louis Knox is now teaching Chemistry at the South Carolina 
Military Academy, Charleston. 

Mr. Bohumi! Kral is now teaching Mathematics at the high school, 
Sheboygan, Wisconsin. 
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Mr. H. F. MeNeish, for some years instructor in mathematics in 
the University of Chicago High School, has accepted a position as in- 
structor of mathematics in Princeton University. 

Dr. L. P. Barclay, formerly representing Bausch & Lomb Optical Co., 
died on September ist at the Loomis Sanatorium, Liberty, N. Y. 

Mr. Edward L. Bailey has resumed editorial management of the 
Mississippi School Journal, and the address is now Jackson, Miss. 

James F. Millis, formerly of the Shortridge High School, Indianapolis, 
who has been the past year attending the Teachers College, New York, 
becomes head of the Mathematics Department in the Francis W. 


Parker School, Chicago. 
H. S. Robertson of the Collegiate Institute, Stratford, Ontario, who 


the past year has been studying at Columbus University, takes charge 
of the Mathematics in the Provincial Normal School, Stratford. 

J. ©. Packard, Instructor in Physics in the Brookline, Mass., is 
devoting this year to study in Europe. 

Arrangements have been perfected whereby the L. E. Knott Apparatus 
Co. and the Arthur W. Hall Scientific Company of Boston will com- 
bine. Mr. Arthur W. Hall is to be actively connected with the new 
management. Mr. E. Cate, after more than a year’s absence, partly 
abroad, resumes connection. Mr. L. E. Knott retires. 


ARTICLES IN CURRENT MAGAZINES. 


Review of Reviews for October: “Tolstoy at Eighty,” illustrated; ‘‘ ‘Wel- 
fare Work’ on American Railroads,” William Menkel. 

Photo-Era for October: “William Norrie: His Art and Methods,” 
William Vindlay; “The Degradation of the Motion Picture,” C. H. Claudy: 
“Simple Methods of Manipulating Negatives,’ Walter Winchester, M.D.; 
“Calculating Exposure with a Telephoto Lens,” Phil M. Riley. 

Mining Science for October 1: “The Nitrate Deposits and Industry in 
Chile,” L. Lema. For October 8: “Placer Mining with Dredges as Prac- 
ticed in California,” Al. H. Martin. 

Scientific American Supplement for October 3: “The Movement of 
Plants,” Francis Darwin; “Armor-Bearing Animals.” For October 10: 
“Our American Flycatchers,’” B. S. Bowdish: “The Movement of Plants,” 
Francis Darwin; “The Flaming Arc Lamp,” Alfred A. Wohlauer. For 
October 17: “Pneumatic Caissons,” T. Hennard Thomson: “The Hedjaz 
Railroad ;” “The Seasonsal Activities of Plants,” D. T. MacDougal; “Some 
Astronomical Fallacies,” J. E. Gore. For October 24: “Photography in 
World Progress,” W. I. Seandlin; “The Absolute Zero of Temperature,” 
Francis Hyndman. 

Popular Science Monthly for October: “The Spoliation of the Falls of 
Niagara,” Dr. J. W. Spencer; “The Industries of Niagara Falls,” Raymond 
H. Arnot; “The Classification of Mather naties,’ Professot G. A. Miller: 
“Academie Aspects of Administration,” Professor Joseph Jastrow; “Some- 
thing New in ‘Freewill,’” George Stuart Fullerton; “The Specialist Blight 
on American Education,” James P. Munroe; “The Laws of Social Attrac- 
tion,” Professor Simon N. Patten; “The Passing of the Sturgeon: A Case 
of the Unparalleled Extermination of a Species,” Dr. Walter Sheldon 
Tower; “Foreign Associates of National Societies,” Professor E. C. Pick- 
ering. For November: “Deductions from the Records of Running in the 
Last Olympiad,” A. E. Kennelly; “Monte Alban and Mitla as the Tourist 
sees Them,” Charles Joseph Chamberlain; “The Rotation of Crops,” Samuel 
Fraser ; “The Public School Teacher in a Democracy,” Henry R. Linville: 
“Celibate Education To-Day,” E. S.; “The Inadequacy of Speech,” Chas. 
W. Super; “Zodlogy,” Henry E. Crampton; “Experiments with Langley’s 
Aerodrome,” S. P. Langley. wt 
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Physical Review for October: “New Groups of Residual Rays in the 
Long-Wave Spectrum,” E. F. Nichols and W. 8S. Day; “Some Electrical 
Properties of Silicon. IV. The Electromotive Force of Cells in which 
Silicon Forms One Electrode,” Frances G. Wick; “A Convenient Form of 
Galvanometer with Magnetic Shielding,” BE. F. Nichols and 8. R. Williams; 
“Capacity and Current Density Effects in the Argon and Hydrogen Spectra,” 
Charles Sheard; “Effect of Absorbed Hydrogen and of Other Gases on the 
Fhoto-Electric Activity of Metals,” V. L. Chrisler; “Optical Properties of 
Collodion and Celluloid,” A. Trowbridge; “A Sine-Wave Electrical Oscil- 
lator of the Organ Pipe Type,” Frederick K. Vreeland; “On the Range and 
Total Ionization of the a Particle,” S. J. Allen; “On the Conductance and 
Fluidity of Fused Salts,” H. M. Goodwin and H. T. Kalmus; “Note on 
the Reproducibility of Cadmium Cells,” P. I. Wold. 

Bird Lore for September-October: “A Raven’s Nest,” Francis H. Allen; 
“Hummingbird Eccentricities,’” Mary P. Allen; “A Mocking Bird’s June,” 
Albert V. Goodpasture; “The Migration of Flycatchers,”’ Professor W. W. 
Cooke. 

The Plant World for September: ‘The Course of the Vegetative Seasons 
in Southern Arizona,” D. T. MacDougal, illustrated; “Methods of Vege- 
tative Reproduction in Guayule and Marrola,’ Francis E. Lloyd; “The 
Western Edge of the Colorado Desert,” V. M. Spaulding. 

Biological Bulletin for October: “A Significant Case of Hermaphroditism 
in Fish,” H. H. Newman; “The Homing of the Mud-douber,” C. H. Turner; 
“Extrasion of the Winter Egg Capsule in Planaria Simplississima,” F. E. 
Chidester; “Lysaraphus, a Permian Urodele,” S. W. Williston. 

Economic Geology for August-September: “Occurrence and Genesis of the 

Iron Ores of Shasta County, California,” Basil Prescott; “Geology of Lli- 
nois Petroleum Fields,” H. F. Bain; “The Ore Deposits at Mineral, Idaho.” 
“Cement Materials of Western Virginia,’ R. S. Bassler; “A New Discovery 
of Pendotite in Arkansas,” A. H. Purdue. 
_ Journal of Geology for September-October: “The Red Beds of Northern 
Colorado,” Junius Henderson; “Glacial Drift Under the St. Louis Loess,” 
J. A. Drushel; “The Japanese Volcano Aso and its Large Caldera,’ Robert 
Anderson; “Marginal Glacial Drainage Features in the Finger Lake Re- 
gion,” John L. Rich; “Relation of Wind to Topography of Contal Drift 
Sands,” Peter Olsson-Seffer; “An Interglacial Fauna Found in Cayuga 
Valley and its Relation to the Pleistocene of Toronto,” C. J. Maury. 

Terrestrial Magnetism for September: “On the Distribution of Magnet- 
ism over the Earth’s Surface,” P. T. Passolsky; “Report of the Atmos- 
pheric Electricity Observations Made on the Magnetic Survey Yacht, Gali- 
lee,” P. H. Dike. 

Astrophysical Journal for October: “Wave-length Measurements for the 
Establishment of a System of Spectroscopic Standards,’ C. Fabey and H. 
Bursson ; “A Redetermination of the Wave-lengths of Standard Iron Lines,” 
A. H. Pfund; “Notes on the Determination of the Orbits of Spectroscopic 
Binaries,” H. C. Plummer; “On a New Law of Series Spectra,” W. Ritz: 
“The Pasadena Laboratory of the Mount Wilson Solar Observatory,” 
George E. Hale. 


GIFTS. 


To choose an appropriate gift—one to be received with genuine 
pleasure—is truly an accomplishment. Perhaps a suggestion will be 
of assistance to you before making your purchases for the holiday 
season. Have you ever considered that an up-to-date unabridged dic- 
tionary is a gift to be longer enjoyed, longer treasured, and of more 
constant service to the recipient than any other selection you may 
make? The One Great Standard Authority is Webster's International 
Dictionary, published by G. & C. Merriam Co., Springfield, Mass. It 
is recognized by the courts, the schools, and the press, not only in 
this country but throughout the English-speaking world as the highest 
triumph in dictionary making. It is the most choice gift. 
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EIGHTH ANNUAL MEETING OF CENTRAL ASSOCIATION OF 
SCIENCE AND MATHEMATICS TEACHERS, ENGLE- 
WOOD HIGH SCHOOL, CHICAGO, NOV. 26-28. 


General Meeting. 


Address: Modern Chemistry and Industry. 
RosBert KENNEDY DUNCAN, Professor of Industrial Chemistry, 
The University of Kansas. 
Address: Problems in Secondary School Agriculture. 
D. O. Barto, College of Agriculture, University of Lllinois. 
W. H. Etson, Superintendent of Schools, Cleveland, Ohio. 


Biology. 


Field Work on Trees. 
I. N. MircHeyt, State Normal School, Milwaukee, Wis. 
Field Work on Birds for City Schools. 
Lynps JONES, Associate Professor of Zoiélogy, Oberlin College, 
Oberlin, Ohio. 
Field Work on Common Weeds. 
Henry C. Cowes, Professor of Botany, University of Chicago, 
Chicago, Il. 
Field Work on Insects. 
Justus W. Forsom, Associate in Entomology, University of IIli- 
nois, Urbana, III. 
Field Work on Fishes. 
T. L. HANKINSON, State Normal School, Charleston, III. 


Report of the Committee on Formulation of Principles. 


Chemistry. 
How May Instruction in Elementary Chemistry be Made more Efficient? 
E. B. Hutcuins, Jr., Professor of Chemistry, Carroll College, 
Waukesha, Wis. 
Difficulties to be Met in Secondary School Chemistry. 
J. L. Wetter, High School, Wilkesbarre, Pa. 
Preliminary Report on Fundamentals in Secondary School Chemistry. 
Round Table (A) Chemical Theory in the Secondary School Course, 
What, How and When Presented? 
({B) The Practical versus the Technical in High School Chemistry. 


(C) In a Five-Year High School Course, what Shall be Given as Sec- 
ond-Year Chemistry? 


Earth Science. 


Fundamental Topics in a Physiographic Study of the Land. 
D. Savisspury, Professor of Geographic Geology, Univer- 
sity of Chicago. 
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Facts and Principles of Meteorology that are Essential to Physiography. 
MARK JEFFERSON, Professor of Geography, State Normal College, 
Ypsilanti, Mich. 
Methods of Teaching by which the Fundamental parts of Physiography 
may be Emphasized. 
E. Biount, Robert Waller High School, Chicago. 
Grorce A. BARKER, Illinois State Normal University, Normal, Ill. 


The Practical Value of the Study of Geology. 
U. S. Grant, Professor of Geology, Northwestern University, 
Evanston, 


Physics. 
Address—The Codrdination of High School and College Physics. 
R. A. MILLIKAN, Professor of Physics, University of Chicago. 
A. A. UpHam, State Normal School, Whitewater, Wis. 
Joun F. WoopHvuLL, Professor of Natural Science, Teachers Col- 
lege, New York. 
Experimental Lecture—Elementary Dynamics with some Simple Dem- 


onstrations. 
Henry Crew, Professor of Physics, Northwestern University. 


SyMPosIUM. 
What are the Fundamentals? 
1. In Mechanics. 
G. M. Witcox, Professor of Physics, Armour Institute, Chicago. 
B. L. Steere, Shortridge High School, Indianapolis. 


In Sound. 
Dayton C. MILLER, Professor of Physics, Case School of Applied 
Science. 
3. In Heat. 
Kart GutHe, Professor of Physics, State University of Iowa. 
4. In Electricity. 
JoHN F. WoopHvutt, Professor of Natural Science, Teachers’ 
College. 
5. In Light. 
Geo. R. Twiss, High School Inspector, Columbus, Ohio. 


to 


Mathematics. 
Presentation of the report and discussion. 
Hersert E. Coss, Lewis Institute, Chicago, Chairman of the Com- 
mittee. 
6. The Report of the Committee on Geometry. 
G. W. Greenwoop. Chairman of the Committee. 
A Second Report of the Committee on Algebra in the Secondary Schools. 
Presentation of the report and discussion. 


Cuas. AMMERMAN, McKinley High School, St. Louis, Mo., 
Chairman of the Committee. 
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Greorce Bruce HAtstep, Greeley, Colorado. 
W. H. WittiaMs, State Normal School, Platteville, Wis. 
Louis P. Jocetyn, Ann Arbor (Mich.) High School. 
Write the Secretary, Mr. Willis E. Tower, Englewood High School, 
Chicago, for other information. 


THE AMERICAN FEDERATION OF TEACHERS OF THE 
MATHEMATICAL AND NATURAL SCIENCES. 


The annual meeting of the Federation will be held at Johns Hopkins 
University, Baltimore, on December 28-29, 1908. There will be two 
sessions; one a business meeting of the Council, at which reports will 
be presented from the executive committee and the various local asso- 
ciations, officers for the coming year elected, committees appointed, ete. ; 
the other a joint session with Section L of the American Association 
for the Advancement of Science, at which the problems of science 
teaching will be discussed by the following speakers: R. S. Woodward, 
President cf the Carnegie Foundation; Ira Remsen, President of Johns 
Hopkins University; G. F. Stradling, Philadelphia (Physics) ; Wm. T. 
Campbell, Boston (Mathematics) ; N. M. Fennemann, Cincinnati (Geog- 
raphy) ; J. M. Coulter, Chicago (Botany). The first will be a meeting 
of the delegates of the federated associations, and the second a meeting 
open to all. The exact times and places of the meetings and the full 
programs will be announced later. 


BOOKS RECEIVED. 


Electricity, Sound, and Light, by Robert A. Millikan, University of 
Chicago, and John Mills, Western Reserve University. Svo. Cloth. 
#89 pages, illustrated. Mailing price, $2.15. Ginn & Co., Boston. 

Practical Exercises in Physical Geography, with atlas, by W. M. 
Davis, Harvard University. 12mo. Cloth. 148 pages, illustrated. 
Mailing price, 50 cents. Ginn & Co., Boston. 

The American College, a criticism by Abraham Flexner. 12mo. 237 
pages. $1.07 postpaid. The Century Company, New York. 

The Pope and the Comet, William F. Rigge, Omaha, Nebraska. 

A Text-Book of Inorganic Chemistry by Dr. A. F. Halleman. Issued 
in English in codperation with H. C. Cooper, 1908. 3d English Edition. 
Svo, viii+502 pages, 81 figures. Cloth, $2.50. New York: John Wiley 
& Sons. 

Economic Zodlogy, an Introductory Text-Book in Zoélogy by Herbert 
Osborn. 1908. Pp. 490. New York: Macmillan Co. Price, $2.00 net. 

Progressive Problems in Physics by Fred R. Miller. 1908. Boston: 
D. C. Heath & Co. Pp. 218. Price, 60 cents. 

Laboratory Arts, A Teacher’s Handbook, dealing with materials and 
teols used in the construction, adjustment and repair of scientific 


instruments by Geo. H. Woollatt. London: Longmans, Green & Co. - 


Pp. 192. 1908. 
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Differential and Integral Calculus by Daniel A. Murray. 1908. Pp. 
xviili+491. 1908. New York: Longmans, Green & Co. Price, $2.00. 

Some Living Things, Primary Lessons in Physiology, by Ella B. 
Halleck and C. B. Gilbert. 1908. Pp. 214. New York: A. 8. Barnes 
& Co. Price, postpaid, 45 cents. 

Principles of Physiology and Hygiene by G. W. Fitz, M. D. 1908. 
Pp. 357. New York: Henry Holt & Co. Price, $1.12. 

The Parallel Course Drawing Books, C. 8S. and A. G. Hammock. 
Books 1-4. 1908. Boston: D. C. Heath & Co. 

Applied Arts Drawing Books by Wilhelmina Seegmiller. Books 3-8. 
1908. Chicago: Atkinson, Mentzer, & Grover. 

Nature Study Made Easy by E. B. Shallow, and Winifred T. Cullen. 
190s. Pp. 1386. New York: The Macmillan Co. Price, 40 cents net. 

A Secondary Arithmetic, Commercial and Industrial, by G. J. C. Stone 
and J. F. Millis. Pp. 221. 1908. Boston: Benj. H. Sanborn & Co. 
Price, 75 cents. 


BOOK REVIEWS. 


A Laboratory Guide for Students in Physical Sciences, by H. Schapper, 
professor of physics, University of Arkansas. 12 mo, v+61 pages. 
Cloth, $1.00. John Wiley and Sons, New York. 

This is a splendid little book and ought to fill the long-felt want of 
the teacher of:secondary school physics in helping him to instill into 
the minds of his pupils habits of accuracy, the graphical representation 
of results, and their interpretation. The book might well be used as 
a supplement to the physical laboratory manual. All Boards of Educa- 
tion should. authorize the purchase of several copies of this book 
for use in the physics laboratories under their control. C. = &. 


Magic Squares and Cubes, W. S. Andrews, with chapters by Paul Carus, 
L. 8S. Frierson, and C. A. Browne, Jr. Pp. 199. $1.50. The Open 
Court Publishing Co., Chicago. 1908. 

While magic squares may be considered simply as mathematical 
curiosities, they are constructed on fixed laws which are said to be 
algebraical rather than arithmetical and closely connected with in- 
finites:mal calculus and the theory of groups. In the preface, Dr. 
Carus says: “There is no science that teaches the harmonies of nature 
more clearly than mathematics, and the magic squares are like a magic 
mirror which reflects a ray of the symmetry of the divine norm imma- 
nent in all things, in the immeasurable immensity of the cosmos not less 
than in the mysterious depths of the human mind.” This book is 
written for the schoolboy as well as for the mathematician, and the 
boy who is interested in mathematics will find rules for making magic 
squares and cubes which are easily understood and applied. The 
titles of the chapters, Magic Squares, Magic Cubes, The Franklin 
Squares, Reflections on Magic Squares, A Mathematical Study of Magic 
Squares, Magic Squares and Pythagorean Numbers, Some Curious 
Magic Squares, indicate the scope and method of the book, Like all 
by which Magic Squares May be Classified, The Mathematical Value of 
Magic Squares, indicate the scope and methods of the book. Like all 
the books of the Open Court Mathematical Series it is printed and 
bound in attractive form. iH. BE. C, 


ad 
‘ 
> 
: 
= 
= 
4 
| 
a 
ij 


798 SCHOOL SCIENCE AND MATHEMATICS 


General Physics, an Elementary Teart-Book for Colleges, by Henry 
Crew, Professor of Physics in Northwestern University. Cloth, 8 
vo, xi+522 pages, 404 figures, $2.75 net; by mail, $2.94. The Mac- 
millan Company, 64 Fifth Avenue, New York. 

It is fortunate for first year college men and secondary school in- 
structors of physics that this prince of physics teachers concluded 
to “transfer a course of lectures from flexible manuscript to rigid type.” 
This book is a modern Ganot to the classes of people just mentioned. 
It is a book which can be read as well as studied with interest. One 
is sure of the statements made, as they come from one who is an 
authority on the subject. 

The object of the author is “not merely, or even mainly, to impart 
information, but to set before the student a large and compact body 
of truth obtained by a method which shall remain for him throughout 
life a pattern and norm of clear and correct thinking.” 

There are 425 well-selected problems taken from everyday experience ; 
they are therefore practical, the answers not being given except in 
a few instances. No higher mathematics than trigonometry is used 
in the book. 

The mechanical part of the book is well execuied. It has an extra 
sewed flexible back which causes it to lie open easily. The body of 
the book is set in clear ten-point type. It is a text which every 
secondary school instructor should have in his own library as well as 
in the generai physics library of his school. C. H. 8. 


An Introduction to the Study of Electrical Engineering, by Henry H. 
Norris, Professor of Electrical Engineering, Sibley College, Cornell 
University. S8vo. v+404 pages, 179 figures. Cloth, $2.50 net. 
John Wiley & Sons, New York. 

During the iast fifteen years many books have been written treating 
of this subject. None of them, however, present this science in a 
more clear and forcible manner. The style and order of treatment 
is splendid. Any person with a knowledge of electricity no greater 
than that received in a good secondary school course in physics will 
be able to understand and appreciate this work. The author keeps 
in mind the fact that one to be a first class electrical engineer must 
also be a good mechanical engineer. In modern practice these two. 
professions are inseparably linked. 

The book is divided into thirteen chapters, each filled with useful 
information. 

Chapter I is devoted to the historical development, beginning with 
the period of mystery and closing with the period of commercial de- 
velopment. In discussing the subject the author begins at the very 
fundamentals and proceeds in sequence reserving until] the last the 
treatment of that which is perhaps most difficuit to comprehend, the 
measurement of currents and power in their various phases. Materials 
of electrical engineering, electric and magnetic circuits are clearly 
discussed. Construction and operation of electric generators, trans- 
formers and their application receive much attention. Construction 
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and operation of power stations, electric motors, electric lighting and 
heating receive their share of space. A chapter on the transmission 
of intelligence is given. A complete index is added. This is a book 
that all physics teachers and electrical engineers should own. 

The mechanical work on the book is of a very high order. The 
type is large and clear, matter is not crowded, the cuts being ex- 
ceptionally well selected, executed and printed. Cc. H. 8&8. 


Arithmetic. Books I, 11, lll, by George W. Myers, Professor of the 
Teaching of Mathematics and Astronomy, College of Education, 
The University of Chicago. Pp. 209, 256, 308. Scott, Foresman 
and Co. 1908. 

Those who know Dr. Myers through his addresses and art-cles in 
educational journals will learn on looking through these books that 
he can put his ideas of theory and practice into workable shape in 
text-books. Arithmetic as presented here includes form-study which 
gradually develops into the rudiments of geometry in the higher grades; 
it also includes the first notions of algebra under the form of general 
arithmetic. This work is so completely unified with the central core, 
arithmetic, that the books well deserve the name Elementary-schoo! 
Mathematics. Book I is for the third and fourth grades. 

A few of the topics are: Need of measuring, estimating, and meas- 
uring lengths and surfaces, fours, drawing to scale, fives, money and 
time, sixes, boxmaking, and so on. Problems having to do with 
gardens, recipes for cake and candy making, furnishing a home and 
a doll-house, buying groceries, etc., furnish the material for number 
work. Book II is for the fifth and sixth grades. Measuring, scale 
drawing, uses of the triangle, problems in values—ratios, addition, 
subtraction, multiplication, division, the equation, fractions, percentage, 
interest, are a few of the topics. The first part of Book II is pre- 
dominantly, not exclusively, sp:ral in treatment; the second part is pre- 
dominantly, not exclusively, topical in treatment. The author recog- 
nizes that in the intermediate grades the pupil’s mental attitude is 
transitional and has endeavored to meet the difficulty. Book III, for 
the seventh and eighth grades, is a complete arithmetic in which all 
the essentials are included. The elements of algebra and geometry 
are closely correlated with the arithmetic so that those who never 
enter the high school may have a slight working knowledge of these 
more powerful instruments; and those who continue the subjects will 
have the best kind of preparation for the more formal study. Teachers 
of algebra and geometry should read this book for hints in correlating 
the various branches of mathematics. It is to be hoped that this 
arithmetic will be widely adopted; for when teachers get hold of its 
spirit and method there will be good teaching, and vhildren will in 
their arithmetic receive training in judgment, concentration of thought, 
and clear thinking through work which is of interest to them. The 
mechanical construction of the books is excellent. The type is large 
and clear, the pages are open, and there is an abundance of diagrams 
and drawings. fi. B.. C. 
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The Common Sense of the Milk Question, by John Spargo. Published 
by the Macmillan Company. Pages, 351 + xiv; 26 photographs. 


Price, $1.50. 

In “The Common Sense of the Milk Question” we have an attempt 
to make the problem of milk supply so graphic that it will appeal to 
the reader why is not familiar with its bacteriological, medical, or 
hygienic aspects. The sociological trend of the discussion is indicated 
by such chapter headings as, “The Rise in the Value of Babies,” “When 
the Mothers Fail,” “Filth as Infants’ Food,” and “Outlines of a Policy 
of Reform.” Indeed the entire book is rather a work upon the socio- 
logical aspects of the milk question than strictly upon its hygiene. 

Much of the book is theoretical. The author argues that modern 
life with its many interests serves to give so great over stimulation to 
the mind of woman that such animal functions as lactation are de- 
teriorating, that as a result we are becoming increasingly dependent 
upon artificial milk for children, hence the increasing importance of 
attention to the nature of the supply of this milk. Whether this and 
other sociological explanations of the loss or deterioration of physio- 
logical functions are true, the book will do a good service in helping 
to focus public attention upon the fact that in our present ways of 
living we need a large supply of artificial milk, and that this supply 
should be freed from many impurities that it now holds. 

Ample presentation is made of the many cases of ignorant and in- 
telligent criminal negligence in milk pollution. The failure to introduce 
proper standards, or the failure properly to enforce standards is 
cited in case of such cities as Boston, Cambridge, and Brocton. The 
author states that the people in such cities feel fairly secure but really 


‘would be more secure if they had no standards of purity, since then 


they would be on guard against evils to which they are now con- 
stantly exposed. Of course such discarding of standards could not 
safely be done. The city of New York gets its milk supply of 1,600,000 
quarts daily from over 35,000 farms, shipped through 700 creameries, 
and it is obvious that high and rigorous standards must be established 
and enforced if the health of the people is to receive anything like 
the proper protection. 

The “Outlines of a Policy of Reform” is full of interesting sugges- 
tion. The United States meat inspection will doubtless remove some 
of the difficulties presented by Mr. Spargo. It may be true that, as 
he says, “As a recent result of this policy, many farmers, men upon 
whom we must largely depend if we are to eradicate the disease 
(tuberculosis), are in a conspiracy to prevent the detection of infected 
cattle.” It is doubtless true that the government has not made adequate 
return for all the cattle destroyed, but certainly animal and meat 
inspection is giving the public better and better protection against 
infected meat. 

A twenty-two page bibliography adds to the value of the book. 

0. W. C. 
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INDEX OF VOLUME VIII (1908) BY TITLES 


A 

“A Communication,” Some Comments on. G. W. GreeNwoop........ 752 
Air-Pump, To Remodel an Old Style. Harrison H. BrowN ......... 822 
Air Thermometer, A Useful Type of. E. J. Renprorrr ............ OS4 
Algebra and Geometry, An Outline for. E. L. Rousse, J. F. Wooriey 

Algebraic Multiplication. A. LATHAM Cae 492 
American Federation of Teachers of the Mathematical and Natural 

American Federation of Teachers of the Mathematical and the Natural 

Angle, The Definition of an. F. WHITE 790 
Aniline Black Stain for Wood, Chemical Proof. A.C, Norris ...... - 157 
Approximation and Approximation Processes. E. R. Heprick..... 617, 745 
Arithmetic, The Decimalization of. WILLIAM F. WHITE ............ 409 


Articles in Current Magazines ...66, 153, 252, 334, 428, 526, 611, 710, 792 


B 
Rarometer Tubes, A Method for Filling. Froyp R. Warson ....... 286 
Biological Laboratory, An Appreciation of the Pedagogical Possibilities 
Biological Sciences in Education, Symposium on the Functions and Or- 
sanisation of the. W. 537 
Biological Sciences in Education, The Function of the. T. W. GaAL- 
Biology a Single Science. EpGar N. TRANSEAU 
Biology at the Woods Holl Laboratory. GrorGE ' Moore wer 337 
Biology, Experimental Work in. Cyrus A. eS Py 765 
Biology in Our High Schools, Factors That Make for Success in the 
Biology in Secondary Schools. Maurice A. BIGELOW .............. 538 
Biology in Secondary Schools, The Basis of the Teaching of. C. STuarr.... 
Biology in Secondary Schools, The Teaching of. J. F. Apporr .... 191 
Biology in Secondary Schools? What are the Practical, Pedagogical and 
Scientific Bases for the Study of. NATHAN A. HARVEY ........ 548 
Biology in the High School Course, The Position of. WHtLLarp N. 
Biology in the High School, The Place and Content of a Course in. 
Biclegy, Lecture on. B, WILSON 61 
Biology, Purposes in a! School. Henry B. WARD ..... 
Biology Section—C. A. M. T., To the Members of the ............ 249 
Biology Section of the 74 
Biology Symposium, A Letter Concerning 701 
Biology Teaching, Idealism, An Aim in. Paut B. MANN .......... 77 
Biology Teaching, Some By-Products of. Bens. C. GrueNBERG ..... 311 
Biology, The Course in General. JoHN M. COULTER ............... 696 
Biology, The Practical, Pedagogical and Scientific Bases for the Study 
Liology vs. Botany, Zoélogy and Human Physiology, General. G. M. 
Bird Migration, Theories of. Herpert E. WALTER ............. 259. 359 
B-K Solar Calculator, The. FRANK 


Book Reviews 
Adressbuch der Deutschen Priizisionsmechanik und Optik und ve 
wandter Berufszweige. Herpert E. Copp ............... 
A First Course in Algebra by Wells and Short. Herserr BE. Cons. . : 613 
A Laboratory Guide for Students in Physical Sciences by H. 
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An Elementary Study of Chemistry by Wm. McPherson and W. PF. 


An Introduction to the Study of Electrical Engineering, by Henry 
A Manual of Practical Physics for Students of Science and Engineer- 
ing, by E. S. Ferry and A. T. Jones. CuHas. H. SmirnH.......... 534 
Arithmetic, Books I, II, III, by George W. Meyers. H. C. Cons 799 
A Scrap-book of Elementary Mathematics, by William F. W hite. 
A Thirty-five Weeks’ Course in the Elementary Principles of Chem- 
istry, by Boynton W. McFarland. FRANKLIN T. JONES ........ 82 
Bulletin 195 U. S. Dept. of Agriculture. Oris W. CALDWELL ..... 613 
College Algebra, by Metzler, Roe and Bullard. Hersert BD. Coss .. 
Common Sense of the Milk Question, by John Spargo. Oris W. 
Computation and Mensuration, by P. A. Lambert. Herperr EF. Cops 170 
Darwinism To-day, by Vernon L. Kellogg. Gro. D. FULLER ...... 533 
Elementary Algebra, by J. W. A. Young. Herpertr E. Cops ....... 614 
Elements of Biology, by G. W. Hunter. Gro. D. Futter ......... 440 
Essentials of Algebra, by J. C. Stone and J. F. Millis. Herpertr E. 
Evolution and Animal Life, by David Starr Jordan and Vernon 
Farm Weeds of Canada, by Geo. H. Clark. Gero. D. FULLER ...... 172 
Father and Baby Plays, by Emilie Poulsson. Cnuas. H. Smirm .. 80 
Financial Independence Through Saving and the Right Use of Money, 
343 
First-Year Mathematics for Secondary Schools, by Geo. W. Myers. 
General Physics, an Elementary Text-Book for Colleges, by Henry 
Geometric Exercises for Algebraic Solution, by Geo. W. Myers. 
Glaciers of the Canadian Rockies and Selkirks, by W. H. Sherzer. 
Graphic Algebra, by Arthur Schultz. Herperr E. Cops .......... 435 
Handbook of the Trees of the Northern States and Canada, by 
High School Algebra, by J. H. Tanner. Herpert E. Copp ......... 169 
High School Algebra, by Slaught and Lenner. Hersert E. Cops.... 631 
Introduction to Infectious and Parasitic Diseases, by Millard Lang- 
Magic Squares and Cubes. W. S. Andrews. H. C. Copp ......... 797 
Mathematical Geography, by W. E. Johnson. W. M. Greoory..... 81 
New Course of Study for the Common Schools of Illinois. Cras. 
Our Trees and How to Know Them, by Emerson and Weed. Or1s 
Paradoxes of Nature and Science, by W. Thompson. FRANKLIN T. 
Physiography for High Schools, by R. D. Salisbury. R. D. CALKINS 437 
Practical Physiography, by H. W. Fairbanks. W. M. Grecory..... 344 
Problems and Questions on Algebra, by Franklin T. Jones. Herserr 
Problems in Strength of Materials, by William K. Shepard. Cuas. 
Report of the Director of the Missouri Botanical Gardens. Oris W. 
The Check Figure, by G. O. Neff. CHARLES M. TURTON .......... 614 
The Elements of Physical Geography, by T. C. Hopkins. C.. 1H. 
The Moon in Modern Astronomy, by Philip Fauth. Gro. W. 
The Principles of Agriculture, by L. H. Bailey. Oris W. CaLpWELi 436 
Time and Clocks, by H. H. Cunynghame. FRANKLIN 'l’. JONES .. 172 
Botany in one of the Small High Schools, Some Difficulties in the 
Kotany, On Creating an Interest in. Wuittarp N. CLUTE ........... 28 
Rotany, Opportunities for Young Men in. Joun G. COULTER ......... 466 
Botany? What’s the Use of. N. CLUTE 470 
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Camera and Object Holder, A. H. CLtype KRENERICK ......... 656 
Central Association of Science and Mathematics Teachers ... 68, 711, 794 
Central Association of Science and Mathematics Teachers, Treasurer's 


Central Iowa Associations of Science and Mathematics Teachers..... 16 
Chemical Formulw and the Teaching of the Atomic-Molecular Hypothe- 

sis, ‘The Experimental Basis of. Herrsperr W. McCoy........... 441 
Chemistry, The Experimental Viewpoint in. ALEXANDER Siri .... 582 
Chemists in 1907, Some Losses of. A. L. SMITH ..........0e.eee00- 151 
Chronograph and the Determinations of “G,” a New School. H. H. 
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C. T. WRIGHT (arth Science) 
Redlands, Cal. 
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SEE 0 OUR CLUBBING RATES IN ADVERTISING SECTION 


No Numbers published for July, August and September 


CONTENTS for DECEMBER, 1908 


Symposium = the Purpose and Organization of Physics Teaching in Secondary 


A Pressure Tube for Measuring the Pressure in Water Pipes...... .............+.> 728 
mee Production of Earth im 1907 . 734 
An Apparatus for Platting Magnetic Fields of Force —E. J. Rendtorff................- 735 
The Monument to Robert Bunsen—Nicholas Knight... ...... 736 
A -— Method for Datenghieg the Equivalent Weight of Sodium— William M. 
A Laboratory Exercise on the Efficiency of a Small Motor—N. F. Smith .............. 739 
Science Teaching in Schools—Arthur S. Dewing ....... 740 
Approximations and Approximation Processes—-H. R. Hedrick. 745 
Mathematical Laboratories — Prof. Dr. Kari Goldziher. Trans. by H. E. Cobb.............. 753 
Meeting of Mathematicians at the University of Kamsas..... 757 
New Terms in Geometry—G. W. Greenwood. .... 758 
Preliminary Report of the Committee of the Mathematics Section of the Central As- 
sociation on the Unifying of Secondary Mathematics................--.-0es0: 760 
Idealism an Aim in Biology Teaching—Paul B. Mann .............. 770 
Biology a Single Science —Edgar N. Transeau ...... 775 
The Relation of the Sciences in the High School—H. R. Linville.................-+++- 777 
Science Laboratories at the Englewood High School— Willis E. Tower and Colby F. Lucas 778 
Problem Department—lra M. DeLong 783 
The Classification of Climates .................- 789 
The Definition on an Angle—William F. White. 790 
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Read Our Advertising Pages We Have Several ‘Special Bargains Advertised 


4 
| 
a4 
af 
1 
— 
} 
on 
i 
1. 
i. 
— 
— 
| 
a 
i 
4 
’ i 
| 4 
: 
- 
i 
| 
| 


School Science and Mathematics 


MEMBER OF THE EDUCATIONAL PRESS ASSOCIATION OF AMERICA 


PRICE, The subscription price is Two Dollars a year, if paid in advance, otherwise 
$2.50; single copies 25 cents. 


ALL REMITTANCES should be made payable tothe order of Scuoot ScrENCE AND 
MaTuematics, Remittances should be made by Post Office Money Order, 
Express Order, or Bank Draft. If personal checks are sent, please add ten cents for col- 
lection. 

SCHOOL SCIENCE AND MATHEMATICS is the “official organ’’ of 
assoctations and ts sent free to all members who have paid their dues. The Central 
Association of Science and Mathematics Teachers, Eastern Association of Physics 
Teachers, Indiana State Science Teachers’ Association, The Physics Club of New 
York, Missouri Society of Teachers of Mathematics and Science, The Pacific Coast 
Association of Chemistry and Physics Teachers, Mathematics Section of the Cali- 
fornia Teachers’ Association, Colorado Mathematics Society, Central lowa Association 
of Science ana Mathematics Teachers, Kansas Association of Mathematics Teachers, 


POSTAGE IS PREPAID for all subscriptions in the United States and Mexico, For 
Canada add 25 cents for postage. For all other countries in the Postal Union, add 50 
cents. 


CHANGE OF ADDRESS. Subscribers should promptly notify the publishers of any 
change of address; otherwise they are held responsible for magazines sent to their 
former address, until ordered stopped or address changed. 


DISCONTINUANCES. According to the general custom of educational papers this 
magazine will be sent to subscribers until notice of discontinuance is received and all 
arrearages paid. 


MANUSCRIPTS. Contributions on Science and Mathematics Teaching are invited. 
Articles must be written on one side of the sheet onty. All illustrations must be 
drawn or written in jet black ink on a separate sheet of manuscript. Contributors 
are requested to write scientific and proper names with particular care. Manu- 
scripts should be sent to the Editor of ScHoot Scrence and MaTHEMATICs, 5406 
Madison Ave., Chicago, or tothe proper departmental Editor. Books and pamphlets 
for Review should be sent to the Editor. 


MISSING NUMBERS will be replaced free only when claim is made within thirty days 
after receipt of the number following. 

REPRINTS, if desired, must be ordered in advance of publication. Reprints of leading 
articles will be printed as ordered, the actual cost (with cover, if desired) to be paid 
for by the author. Reprints must be paid for when ordered. The table below shows 
the afprorimate cost of reprints consisting of plain text or text with line engravings. 
The actual cost may vary from the figures given, and will depend upon the amount 
of work in re-making the pages into forms, press work, paper, binding, etc. 


Number of copies 50 100 | 150 200 
| 
4 pages or less - - - . $1.80 $2.50 $2.55 $3.00 
pages or less - : : - 2.30 2. 3-25 | 3.80 
16 pages or less’ - 3-70 4-60 5.40 6.20 
Covers, with title (paper like JourNaL 
COVER) - - 1.70~ 2.20 2.75 3-40 


ALL CORRESPONDENCE regarding subscriptions, advertisements, and bills rendered, 
should be addressed to 


SCHOOL SCIENCE AND MATHEMATICS 
440 Kenwood Terrace, Chicago, IIl. 


Please mention School Science and Mathematics when answering advertisements. 


— 
a 
| 
: 
| 
| 
vi 
7 
| 
i 
i 4 4 
- 
| | | 
a 
| 
{ 
A 
| 
| 


FIRST COURSE IN BIOLOGY 


$1.25 NET 


By L. H. BAILEY 
Part I. PLANT BIOLOGY 


and WALTER M. COLEMAN 


Part II. ANIMAL BIOLOGY 
Part II]. HUMAN BIOLOGY 


This volume is an effort to meet the need for a simple and untechnical text to cover the 
secondary biology in its elementary phases. The book stands between the unorganized na- 
ture-study of the intermediate grades and the formal science of the more advanced courses. 


Ghe MACMILLAN COMPANY 


378 Wabash Avenue CHICAGO 


Laboratory Lessons in 


Physical Geography 


L. LESTER EVERLY, M.A. 
Department of Geography, State Normal School, Winona, Minn. 


RALPH E. BLOUNT, A.B. 
CALVIN L. WALTON, Pu.D. 
Teachers of Physical Geography in the Chicago High Schools 
PRICE 56 CENTS 

HESE ninety lessons cover nearly ail the topics treated in the common 
text-books on physiography. They are intended to be sufficient for a 
full year’s work, but they are so written that some may be omitted by classes 

that have not time for all, without detriment to those remaining. 
The manual is constructed on the “‘loose’leaf’’ plan of binding, each 
sheet being perforated and punched, easily detachable and convenient for 


insertion in the note-book. 


American Book Company 
Chicago 521-531 Wabash Ave., Chicago 


Please mention School Science and Mathematics when answering advertisements 
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A great variety of practical vocational problems 


Stone-Millis Secondary Arithmetic 


will be found in the new 


This book was made with the idea that arithmetic 
should fit one for the world’s work, not train him 


merely to solve puzzles. 


PRICE 75 CENTS 


BENJ. H. SANBORN & CO. 


378 Wabash Ave. 


Chicago 
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SCIENCE TEACHERS 


McPherson and Henderson’s Chemistry **Thoroughly scientific and teach- 


able, up-to-date and practical.” 


Millikan and Gale’s Physics 


“*Attractive and interesting in 
presentation and fully modern in 
conception and treatment.”’ 


Linville and Kelly’s Zoology 


“Scientifically accurate and en- 
tertainingly written.” 


Bergen’s Elements of Botany 


“The highest expression of the 
modern synthetic coure in bot- 
any.” 


‘*Bears every mark of being the 


Norton’s Elements of Geology outgrowth of painstaking, sys- 


tematic, successful teaching.”’ 


Davis’s Elementary Physical Geography **Accurate, scientific, yet easily 


comprehended.” 


GINN & COMPANY, Publishers 


BOSTON 


NEW YORK CHICAGO LONDON 


Please mention School Science and Mathematics when answering advertisements. 
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SPECIAL BOOK 
PREMIUM OFFER 


For a limited time we will send “School Science and Mathe- 
matics” for one year, and any of the following books, postpaid, to any 
address in the United States or Mexico, for TWO DOLLARS, Cana- 
dian postage 25 cents extra. As the supply of some is quite limited, 
tear off the coupon and write at once. If personal check is sent add 10 
cents for exchange. 


1. Wild Birds in City Parks. 
By Herbert Eugene Walter and Alice Hall Walter. Chicago, 1906. Fourteenth 
thousand, pp. 66, with charts, tables of migration, and blank record sheet. Price, 40 


cents. 
This book is for beginners and is specially adapted for use in schools. It has simple 


descriptions of 145 birds as seen in the field. There is a simple key to the birds de- 
scribed, with hints for the use of the key and for studying birds. Mr. Walter is a 
teacher and an enthusiastic bird student and the book was prepared primarily for his 
own pupils. The descriptions, tables and charts are all based upon the author’s per- 
ional observations through seven migration seasons. 


2. Culture Course in Mathematics. 
By T. M. Blakslee, Professor of Mathematics in the Iowa State Agricultural College. 


Price, 25 cents. 

A series of lectures covering a year’s course in Freshman Mathematics. It corre- 
lates the various branches of college mathematics into one course. A few extracts have 
been published in recent numbers of Schoo. ScrENCE AND MATHEMATICS. 


3. Reprints from «School Science and Mathematics.”’ 

These include the following: ‘‘The Ostwald Table for Finding a in Wheatstone 
“KEY Work;” ‘‘Home Made Storage Battery,” by H. R. Brush; ‘‘Tropical Fruits,” by 
Mel T. Cook, price, 25 cents; “‘Experiments for Detecting Food Adulterations,” by G. 
H. Trafton. These can be obtained separately for 30 cents a dozen. ‘Reprints of the 
Cuts of the Moon,” mounted on fine paper with descriptive matter. These cuts ap- 
peared in the January and February, 1906, numbers of Schoo. ScreNcE AND MATHE- 
matics, also for sale, price, 10 cents a set of 7 plates. 


4- School Mathematics. 

Only two numbers were issued. They are exceedingly valuable. In connection 
with the Mathematical Supplements they were used last year as a text-book in a course 
on Pedagogy of Mathematics in the summer school of one of the largest universities in 
the country. Price, 50 cents. 


5. Mathematical Supplements to «School Science and Mathematics.”’ 


Three numbers were issued. Price, 50 cents. 


6. Observational Astronomy. 
By G. W. Myers, Professor of the Teaching of Mathematics and Astronomy, Uni- 


versity of hasage. Price, 40 cents. 
Forty-five elementary experiments suitable for high school pupils. 


Tear off this Coupon and send it with Two Dollars to ‘‘School Science and Mathematics," 440 Kenwood 
Terrace, Chicago, Ill. 


In accordance with your Special Offer, I inclose Two Dollars, for which send me 


your magazine for one year and the book offer numbered............ 


Name 


Street City and State 
Please mention School Science and Mathematics when answering advertisements. 
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CAMBRIDGE D’ARSONVAL. 
GALVANOMETER 


DESIGNED and built under the personal supervision of 
PHILIP H. WYNNE, who has long rendered valuable 
service to science in perfecting electrical instruments. 


DEAD BEAT, absolutely, or, BALLISTIC as ordered. 
SENSIBILITY, Ample, Completely DISSECTIBLE. 
ZERO Adjustment by TANGENT SCREW. 
READING accomplished as easily as a watch. 
PORTABLE, perfectly. NO SOLDER. 


- + $7.00 


(Write for Catalog No. 64, Electrical; 
71, Glassware; 90, Chemicals.) 


CAMBRIDGE BOTANICAL SUPPLY CO. 
WAVERLEY, MASS. 


SUPPLIES SATISFACTORY PRICES RIGHT ATTENTION PROMPT 


Complete Equipment in 
the Subjects of 


Chemistry 
PhysICs ana 
Biology 


Including Apparatus and Loose Leaf Direction Sheets. 
Especially would we call attention to our National Biolog- 
ical Course. Inform us in which subject you desire 
our advertising material. 


L. E. KNOTT APPARATUS CO. 
16: Harcourt Street 
BOSTON, MASS. 


Please mention School Science and Mathematics when answering advertisements. 
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A GROUP OF HIGH- 
SCHOOL SCIENCE TEXTS 


Millikan Linville & 
and Gale’s Kelly’s 
First Course in Physics. General Zoology. 
McPherson EOLOG Norton’s 
CHEMISTRY | Hen. be 
derson’s Elementary Study of Geology. 
of Chemistry. Bergen’s 
Botanies. 
ough an Elements of Bo Revised). 
= Principles of Botany (Bergen & 
Human Mechanism. Davis). 


GINN & COMPANY, PUBLISHERS 


BOSTON NEW YORK CHICAGO LONDON 
ATLANTA DALLAS COLUMBUS 


Scie nce Teachers could you not increase the value 


of your work by using some well 
selected specimens of Fossils, Minerals, Shells, Mounted Birds, 


Etc. _Illustrated Catalogue Free. 
A. W. JONES, Box 377, Salina, Kansas. 


Hanstein’s Skeleton Models and Goniostat 


ATeachers’Class-Room | | 
Device 


in Practical 
Demonstrations of 


Plane and Solid Geometry, Projection, 
Perspective, Drawing, Stereometry, 
Stereotomy, Axonometry and 
Crystallography. 


«Special Designs of Models”’ 


Send for circular. 


THE RANDOLPH JONES MANUFACTURING Co. 
363 Mohawk Street, CHICAGO, ILL. 
Please mention School Science and Mathematics when answering advertisements. 
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to present the 


PARTIAL LIST 


A Lodging for = Night, 
‘obert Louis Stevenson 
The Man Who Weela Be King, 


Rudyard Kipling 
A Dog of Fianders.. .. -Ouida 
Markheim .... Robert Louis ‘Stevenson 


The inconsiderate Waiter .J. M. Barrie 
The Mystery of Sasassa Valley, 


A. Conan Doyle 
Long Odds........ H. Rider Haggard 
The philosopher of the Apple Or- 


Chard. Anthony Hope 
The Three Strangers. . Thomas Hardy 
A Doctor of the Old School, 

lan MacLaren 
Queen Tita’s Wager .... William Black 
The Hired Baby........ Marie Corelli 


EXTRAORDINARY BOOK OFFER 


It is with much gratification that we announce a special arrangement 
with the publishers of Success Macazine whereby we are enabled 
GREATEST COLLECTION 
STORIES BY ENGLISH AUTHORS EVER GATHERED 
TOGETHER IN A SINGLE SET OF BOOKS. 


60 Masterpieces of Fiction 


The set is known as the ‘‘Library of English Fiction,’ 
sists of 10 volumes, 2,000 pages of text, each volume 7x4 % inches. 


Library of 
| English Fiction tory Price 


OF CONTENTS 


A Perilous Amour. Stanley J. Weyman 
A Rose of the Ghetto. .Israel Zangwill 
The Omnibus. ..... A. T. Quiller-Couch 
The Heather Lintie ... R. Crockett 


An Idyl of London, 
Beatrice Harraden 
The Extraordinary Adventures of a 
Chief Mate..... W. Clark Russell 
Melissa’s Tour......---- Grant Allen 
Quarantine Island. ‘& Walter Besant 
A Faithful Retainer. .... .James Payn 
The Box Tunnel. ...... "Charles Reade 
The Gridiron.......... Samuel Lover 
A Terribly Strange Bed . Wilkie Collins 
Koosje......... nm Strange Winter 
That Brute Simmons. Arthur Morrison 


School Science and Mathematics 


440 Kenwood Terrace, CHICAGO, ILLINOIS 


OF SHORT 


It comprises 


and it con- 


10 Vols., Exp. Paid 


4 
One Year 


FOR ALL 


School Science 


& Mathematics 
One Year 


ROM a_ bookmaking 

standpoint the ‘“‘Li- 

brary of English Fic- 
tion’’ is a triumph of the 
binder’s art. The type is 
large and the books are ex- 
quisitely printed on a fine 
quality of toned paper spe- 
cially chosen for this work. 
Each volume is_ strongly 
and richly bound in watered 
cloth of a tasteful shade of 
red. Most of our readers 
are acquainted with Success 
Magazine. Those who are 
now subscribers to it can 
take advantage of this offer 
and have their subscriptions 
extended one year from 
date of expiration. If any 
of our subscribers are not 
satisfied with the books 
when received, they may re- 
turn them direct to The 
Success Co., New York, and 
their money will be refunded 
at once. 


FILL OUT THIS COUPON—CLIP AND MAIL IT TO US TO-DAY 


SCHOOL SCIENCE AND MATHEMATICS 

440 Kenwood Terrace, CHICAGO, ILL, 

You may send me SCHOOL SCIENCE AND MATHEMATICS one year; SUCCESS MAGAZINE one year, 

and the LIBRARY OF ENGLISH FICTION (10 vols., express paid) in accordance with your special introductory 
offer. I enclose $4.25 for pay for same. 


No. and Street... 


eee 
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“TO TRAVEL IS TO POSSESS THE WORLD” 


E. Burton Halmes 


~ 


About One- — io = 


A Tour of the World for a Few Cents a Day is 
Burton Holmes 
Travelogues 


NOTHING approaching this work was ever attempted before. In 

a series of splendid journeys Mr. Holmes unfolds before your 
eyes the beauties of travel in Foreign Lands, with such narrative 
skill, with so many strange experiences, incidents and humorous 
episodes and so admirably illustrated by over 4,000 photographs 
taken on the spot by Mr. Holmes himself, as to carry you in spirit 
over 22,000 miles of travel, through thirty of the most inter- 
esting countries and cities of the world. 


OU know, of course, who E. BURTON HOLMES is. The 
phenomenal success of his lectures has gained for him a 


S. & M. 
11-07 


world-wide reputation. His lectures in book form are not McClure’s 
condensed, but on the contrary give a more complete descrip- Tourists’ 
tion and are more profusely illustrated than would be Agency 
possible in the lectures from the platform. 44 E. 23d St. 
OU would like to take these fascinating journeys. New York City. 


Dear Sirs: Please 
present without expense 
to me specimen pages 
and full description of the 
Burton Holmes Travelogues. 


You can doso in the TRAVELOGUES. The 
coupon entitles you to a beautifully illus- 
trated, descriptive booklet and full information 
without expense to you if you write to-day. 


Don't delay, sign and send 
to us the coupon 


McClure’s Tourists’ 
“ Fireside Travel” 


44 to 60 East 23d Street 
NEW YORK CITY 
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THE JOURNAL 
OF GEOGRAPHY 


An Illustrated Magaztwe devoted to the Interests cf Teachers of Geography 
Jn Elementary, Secondary and in Normal Schools 


EDITED BY 


RICHARD ELWOOD DODCE 


Professor of Geography, Teachers College, New York City 


Tue Journat or Geocrapny stands for progress in geography teaching 
Teachers, from the Elementary School to the University, find THe JournaL 
almost indispensa-ble, if they would keep in touch with that which is best in geo- 
graphy teaching. 

Every schoo library in the country should contain THE JourNnaL or GEo- 
ST ng Be it is not out of date at the end of the month. It is a reference vol- 
ume of continued and increasing usefulness, and many of the articles may be 
used for supplementary work. Many of the subjects treated in THe JourNnaL 
are not available in any other form. 

Subscriptions at $1.00 a year (ten numbers) may begin with any number. 


Send for a sample copy. 


THE JOURNAL OF GEOCRAPHY 


TEACHERS COLLEGE, NEW YORK CITY. 


| Die 
Seitfehvift fixe sen phyfi€alifchen und 
chemifchen Unterricht 


herausgegeben bon Grof. Dr. F. Boste in Berlin in Gemeinfchaft mit Prof. Dr. Ern ft Mac in 
Wien und Prof. Dr. BV. Schwalbe in Berlin begriindet, ijt die eimsige europdijche eiticdhrift, 
die al8 Centralorgan aver Fortichritte im phyfitalijcen und chemijchen Unterricht gelten fann. 
Jusbejondere werden Apparate und Verfuche in grofer Bahl bejchrieben, jorwobh! fiir Univeryitats. 


Demonftrationen als fiir Laboratoriums-Uebungen und fiir den Unterricht an Schulen, die auf Ber- 


juche mit einfachen Mitteln befchrantt find. Meine praftijde BWinke und Rathidlage gehdren gum 
regelmapigen Ynbalt. 

Die Zeitichrift bringt auch Berichte iiber die widhtigften neuen Erfdheinungen in BWiffenfdaft 
und Unterricht, joie fiber Giftorijche Forichungen nnd aus der Technif. Yedem Yahrgang ift eine 
Reihe ajtronomijcher Karten beigegeben, auf denen die Bahnen der veranderlichen Geftirne wahrend 
be8 Iaufenden Sabres dargeftellt find. 

Pahrlich erfdheinen 6 reich illujtrirte Hefte im Umfang bon 8 Bogen 4°.—Der Preis bes Yahr- 
ganges ijt M. 12, bei pojtfreier Ueberjendung in bas Uusland M. 13, 50. 

Probehefte werden auf Wunjch von der Verlagsbuchhanblung unentgeltlich iberfanbdt. 


Derlagsbuchbandlung von Julius Springer 
in Berlin Wonbijouplay 5. 


Please mention School Science and Mathematics when answering advertisements. 


| 
| 
| 
| 
| 
| 
| 


—The—— 


American Examination and Review 


Book 


Written and compiled by Horatio M. Pollock, Ph. D., 
(Leipzig), formerly senior examiner of the New 
York State Civil Service Commission, and 
George C. Rowell, Ph. B., (Union), editor 
of American Education. 

Prepares Candidates Seeking Regents’ and Teachers’ 
Certificates, and Positions in the State and 
National Civil Service in 
ARITHMETIC, GRAMMAR 
GEOGRAPHY, SPELLING 


The QUESTIONS have been carefully selected from 
papers used during the past five years by the Educa- 
tion Departments of New York and other States and 
by the New York State and United States Civil Ser- 
vice Commissions. 

The ANSWERS are such as have been accepted by 
the examiners. 

Besides the Questions and Answers there are 
chapters giving detailed information on the follow- 
ing subjects ; 

How to prepare for an examination 

How to take an examination 

How to prepare an examination 

How to rate an examination 

Rules for marking examination papers 

Requirements for Civil Service positions and 
schemes of examinations 

Specimen examination pape 

Directions for rapid computation 

Computation Tests 


Bound in Silk Cloth, 383 pages. 
Price $1.50, Postpaid. 
The Book and American Education for one year, $2.00 
PUBLISHED BY 


New York Education Company, 


ALBANY, NEW YORK 


LANTERN SLIDES 
and STEREOGRAPHS 


“KEYSTONE QUALITY” 
Classified Hlustrative Material 
PREPARED BY SPECIALISTS 


Physical Geography 
and Geology 
Selected and described by 
Wallace W. Atwood, Ph. D. 
Instructor in Physiography and 
General Geology, University of 
Chicago 
Jane Perry Cook 


Head of Department of Geogra- 
phy, Chicago Normal School. 


Commercial Geography 
Edited by 
Douglass C. Ridgley, A. B. 

Professor of Geography, Illinois 

State Normal University. 
Explanatory Text for Each Picture 

Photographs for Selection 

KEYSTONE VIEW COMPANY 

Educational Dept. MEADVILLE, PA. 


New York Toronto London _ Berlin 
Portland, Oregon Brisbane. Australia 


SCHOOL SCIENCE and MATHE- 
MATICS will do your printing 
as reasonable as any firm. 


AMOEBA 


Living Amoebe Proteus, visible to naked eye. Safe 
delivery guaranteed. Abundant material for 30 students, 
$1.00. Allso living Hydra. Superb slides of Amoeba, 
Paramecium and other Protozoa, of Hydra, etc. 

Address: V.S. Powers, Station A., Lincoln, Nebr. 


Hanstein’s Skeleton Models and Goniostat 


ATeachers’Class-Room | 


Device 


in Practical 
Demonstrations of 


Plane and Solid Geometry, Projection, , 


Perspective, Drawing, Stereometry, 
Stereotomy, Axonometry and 
Crystallography. 


“Special Designs of Models”’ 


Send for circular. 


THE RANDOLPH JONES MANUFACTURING CO. 
36 Mohawk Street, CHICAGO, ILL. 


Please mention School Science and Mathematics when answering advertisements. 
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SAVE 


; BY ORDERING YOUR MAGAZINES 
4 FROM OUR CLUBBING LISTS. 


4 NOTE THESE OFFERS 
; SCHOOL SCIENCE and MATHEMATICS ($2) 


a With Review of Reviews ($3.00) or Outing .-. . ... . $3.50 
ae oe oe 2 2 75 
RS 
and | one each of classes 2 and 3 4.60 
American Botanist...-......... Scientific American. 
American Boy.. cose 1,00 World’s Work.. 
American Magazine. gave 1.00 *The Popular Science “Monthly 00 
Cosmopolitan .... 1.00 
€ Garden Magazine.............. 1.00 For those marked * add 30c. Those 
; Good Housekeeping .......-.--- 1.00 marked ft add soc for renewals. 
Harper's Bazar ...........+.+... 1.00 
x Success . Woman’s Home C’mpan'n $4.00 
Woman's ; Home ‘Companion 1,00 
World To-day 1.50 School Science and Math’ics } 
Review of Reviews.... ---- $7.00 
CLAss 2 Woman's Home C’mpan’n for 
American Education ......-.... 1.00 or any class 1 $4.70 
: Journal of Geography ..-.-.---- 1.00 or any class 1 
Photo Era..- 1,50 School Science and Math’ics ) $4.50 
Crass 3 American Magazine ...... ) $3.50 
Journal of Pedagogy -.... ..-+- 1.50 School Science and Math’ics 
Technical 1.50 Review of Reviews.... for 
Woman’s Home C’mpan'n | $5.50 
Crane 4 orany Class 1 
Electrical Review 3.00 School Science and Math'ics $4.00 
Electrical World ...... wand 3.00 Woman's Home C’mpan'n for 
tLiterary Digest 3.00 Good Housekeeping. ..... $3.40 
Review of Reviews ............- 3.00 or any Class 1 
Write us for prices of any other combinations you may wish. Do not 
delay. Do it now. Remit by Money Order or Chicago or New York 
exchange. 


q SCHOOL SCIENCE AND MATHEMATICS 


440 KENWOOD TERRACE CHICAGO, ILL. 


Please mention School Science and Mathematics when answering advertisements. 
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Your Last Chance 


To Subscribe to Leading Magazines at Low Prices 


The Club price of several periodicals advertised on these two 


Though your subscriptions may not expire for a number of 


months, renew them now. Subscribe now and have your Do It Now 


periodicals begin at any time you desire in the future 


for $6.00: 


Scuoor Scrence anp MaTHEMATICS...... .......-- $2.00 ) 


or American Boy or Children’s Magazine 
or Cosmopolitan or Good Housekeeping 5.00 }- 
or Harper's Bazar or Metropolitan or 
Physical Culture or Pictorial Review or 
Success or Sun Set or Woman’s Home 


Companion or any one in Class 1. J 
Scnoor Scrence anp 2.00 } 
Scuoor Scrence anp 2.00 
Scuoor Scrence anp 2.00 } 
Scnoo. Science axp 2.00 


pages will be advanced by the publishers very soon 


There are also these special clubs with Scnoot Screxce anp Matuemarics retailing 
Country Life in America, McClure’s and Woman's Home Companion or 


Success; Country Life in America, American and Success or Woman's Home Compan- 
ion; Country Life in America, Everybody's and Delineator; Country Life in America, 
Review of Reviews or Outing. There is a special club of Scnoot Screxce axnp Martue- 
matics with Country Life in America, The World's Work, Everybody's and Delineator 


for 


7.50. 


extra charge and will be shipped prepaid. 
Canadian and Foreign postage extra on all magazines 


The Gardening Almanac may be included in these special clubs without 


ws ... 3 years, $9.00. Our Price, $6.00 
Country Life in America .............. 3 years, $12.00. Our Price, $8.00 
Garden Magazine, Farming...... ..... 3 years, $3.00. Our Price, $2.00 


School Science and Mathematics 


440 Kenwood Terrace, Chicago, Ill. 


Please mention School Science and Mathematics when answering advertisements. 
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TO Receive as a 


WEBSTER'S 
INTE RNATIONAL ; 
DICTIONARY 


It is the BEST GIFT. A library in a single volume, 
of constant service and value to the home, profes- 
sional and business man, and the student. The 
work answers correctly all kinds of questions in 
language, about places, rivers, men, names in 
fiction, foreign words, and many other subjects. 
2380 Pages, 5000 Illustrations, Enlarged by 
25,000 Additional Words. Useful, Attractive, 
Lasting. Its accuracy is unquestioned. The 
final authority for the U. S. Supreme Court 
. and ail the State Supreme Courts. 


WEBSTER’S COLLEGIATE DICTIONARY. 
Largest abridgment of the International. The Thin 
Paper Editionis a realgem of bookmak ing unsurpassec 
for excellence convenience. A Choice Gift. 
1116 Pages. 1400 Illustrations. 


Write for ‘‘ Dictionary Wrinkles,’’ and Specimen Pages, FREE. 
Mention in your rm quest THIs PUBLICATION and receive @ 
ecole l set ot Colored Maps, pocket size. 


: G. & C. MERRIAM CO., Springfield, Mass. / 
Remember the pleasure and benefit in owning an Hi, 
INTERNATIONAL. 4 


4 THE SCHOOL WORLD 


= A Monthly Magazine of Educational Work and Progress 
i Sixpence Monthly Yearly Volume 7s. 6d. Net 
Each issue contains articles of practical and permanent value to School- 
s masters and Schoolmistresses. The subjects hitherto dealt with have included: 


— SCHOOL BUILDINGS AND EQUIPMENT 

ORGANIZATION AND DISCIPLINE 

GENERAL PRINCIPLES OF INSTRUCTION 

cy IMPORTANT ADMINISTRATIVE CHANGES 

ee RECENT DEVELOPMENTS IN TEACHING 

4 PHYSICAL EDUCATION 

CURRICULA FOR DIFFERENT PERIODS OF SCHOOL 


4 METHODS OF TEACHING VARIOUS SCHOOL 
SUBJECTS 


COMMERCIAL EDUCATION 
PREPARATION FOR THE PROFESSIONS 
NOVEL SCHOOL APPARATUS 


REPORTS OF EXAMINERS 

MEETINGS OF EDUCATIONAL ASSOCIATIONS 

IMPORTANT ADDRESSES AND PAPERS BY 
EDUCATIONAL EXPERTS 

DESCRIPTIVE REVIEWS OF RECENT IMPOR- 
TANT BOOKS . 

ITEMS OF INTEREST Notes on Current Educa- 
tional Topics by distinguished correspon- 
dents engaged in the work of teaching. 

SHORT REVIEWS OF RECENT SCHOOL BOOKS 
AND APPARATUS 

CORRESPONDENCE An exchange of opinions 


on subjects of current interest by prac- 
tical teachers. 


= q Since its establishment in January, 1899, THE SCHOOL WORLD has 
steadily increased its circulation and sphere ‘of influence, and now occupies a 
foremost place among the educational magazines of the world. 

q The aim of THE SCHOOL WORLD is to provide information of practical and 
permanent value to Schoolmasters and Schoolmistresses. To this end all impor- 
on tant changes and developments affecting any branch of the work of teachers are 
dealt with by leading authorities and experienced teachers. 

@ The magazine has become indispensable to all who desire to keep in touch with 
modern and effectual methods of education. 


LONDON: MACMILLAN AND CO., Limited . 
NEW YORK: THE MACMILLAN COMPANY 


Please mention School Science and Mathematics when answering advertisements. 
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Introduction General 
Chemistry 


By Alexander Smith, 
Professor of Chemistry ard Director of General and Physical 
Chemistry in the University of Chicago. 


“This new text by one of the ablest teacher of chemistry in the country will 
be found invaluable to the teacher of chemistry in the secondary school as a 
reference book. The work is a model of applied pedagogy.” 

Frank B. Wade in June School Science and Mathematics. 

Every chemistry teacher should possess a copy of this work. 
We have made arrangements with the publishers by which we are 
enabled to offer for a short time this latest and best chemistry as 
a premium to our subscribers. 

ScHoot ScreNcE AND MATHeEmatics for one year and Smith's 
Chemistry will be sent for $3.70, purchaser paying express charges 
on the book, to those mentioning this advertisement. 


SCHOOL SCIENCE AND MATHEMATICS 


440 KENWOOD TERRACE CHICAGO, ILL. 


THE AMERICAN NATURALIST 


A MONTHLY JOURNAL DEVOTED TO THE 
NATURAL SCIENCES IN THEIR WIDEST SENSE 


AMERICAN NATURALIST has been a representative American Maga- 

zine ot Natural History and has played an important part in the advance- 

| ment of science in this country. The journal aims to present to its readers 

the leading facts and discoveries in the fields of Anthropology. General Biology, 

Zoology, Botany, Paleontology, Geology, and Mineralogy, and the various sub- 
divisions of those subjects. 


INCE its foundation, in 1867, by four of the pupils of Louis Agassiz, THE 
| 


Annual Subscription, $4.00 Net, in Advance 
Single Copies, 35 ts. Foreign Subscription, $4.60 


GINN & COMPANY, PUBLISHERS 
29 Beacon Street, BOSTON, MASS. 


| 
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SPECIAL BOOK 
| PREMIUM OFFER 


For a limited time we will send “School Science and Mathe- 
4 matics” for one year, and any of the following books, postpaid, to any 
| address in the United States or Mexico, for TWO DOLLARS, Cana- 
dian postage 25 cents extra. As the supply of some is quite limited, 
tear off the coupon and write at once. If personal check is sent add 10 
cents for exchange. 


1. Wild Birds in City Parks. 

By Herbert Eugene Walter and Alice Hall Walter. Chicago, 1906. Fourteenth 
thousand, pp. 66, with charts, tables of migration, and blank record sheet. Price, 40 
cents. 

This book is for beginners and is specially adapted for use in schools. It has simple 
descriptions of 145 birds as seen in the field. There is a simple key to the birds de- 
scribed, with hints for the use of the key and for studying birds. Mr. Walter is a 
teacher and an enthusiastic bird student and the book was prepared primarily for his 
own pupils. The descriptions, tables and charts are all based upon the author's per- 
sonal observations through seven migration seasons. 


2. Culture Course in Mathematics 

By T. M. Blakslee, Professor of Mathematics in the lowa State Agricultural College. 
Price, 25 cents. 

A series of lectures covering a year’s course in Freshman Mathematics. It corre- 
lates the various branches of college mathematics into one course. A few extracts have 
been published in recent numbers of Scuoo. Science AND MATHEMATICS. 


3. Reprints from «School Science and Mathematics.” 

These include the following: ‘‘The Ostwald Table for Finding a in Wheatstone 
Bridge Work;” ‘‘Home Made Storage Battery,” by H. R. Brush; ‘‘Tropical Fruits,” by 
Mel T. Cook, price, 25 cents; ‘‘Experiments for Detecting Food Adu!terations,” by G. 
H. Trafton. These can be obtained separately for 30 cents a dozen. ‘Reprints of the 
Cuts of the Moon,” mounted on fine paper with descriptive matter. These cuts ap- 
peared in the January and February, tg06, numbers of Scnoot Science AND MATHE- 
MATics, also for sale, price, 10 cents a set of 7 plates. 


4. School Mathematics. 

Only two numbers were issued. They are exceedingly valuable. In connection 
with the Mathematical Supplements they were used last year as a text-book in a course 
on Pedagogy of Mathematics in the summer school of one of the largest universities in 
the country. Price, 50 cents. 


My 5. Mathematical Supplements to «School Science and Mathematics.” 

es Three nnmbers were issued, Price, 50 cents. 

“4 6. Observational Astronomy. 

4 By G. W. Myers, Professor of the Teaching of Mathematics and Astronomy, Uni- 
i= versity of Chicago. Price, 40 cents. 


Forty-five elementary experiments suitable for high school pupils. 


7. Analysis of Air and Water. 
By Lavoisier. Only a few copies of this rare and valuable reprint are left. Every 
chemistry teacher should possess one. Price, 25 cents. 


Tear off this Coupon and send it with Two Dollars to ‘‘School Science and Mathematics," 440 Kenwood 
Terrace, Chicago, III. 


In accordance with your Special Offer, I inclose Two Dollars, for which send me 


your magazine for one year and the book offer numbered............ 
Street__ City and State 


Please mention School Science and Mathematics when answering advertisements. 
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SAVE MONEY 


BY ORDERING YOUR MAGAZINES 
FROM OUR CLUBBING LISTS. 


NOTE THESE OFFERS 
SCHOOL SCIENCE and MATHEMATICS ($2) 


With Review of Reviews ($3.00) or Outing . .. . . $3.50 
and one of class2). 
and one each of classes 2 and 3 
1 *Saint Nicholas 3.00 
American Boy...... 00 *Scientific American 3.00 
*American Botanist......... 1.00 *World's Work : 3.00 
*American Education . 1.00 *The Popular Science Monthly 3.00 
American Inve For those marked * add 10c. Those 
American 1.06 marked ft add 50c. for renewals. 
Bird Lore...... cere 1.00 
Cosmopolitan School Science and Math'ics \ 54. 
Good 1,00 School go 
Harper's Bazar. 1.00 
Woman's Home C’ mpan’ n $3. 65 
or any class 
Nature Study Review juke 
Oologist . 100 School Science and Math'ics 
Success .. .. 1,00 Woman's Home C’ mpan'" ‘n 
Woman's Home Companion - 1.00 or any class 1 $4.70 
* World To-day American Magazine ...... 
or any class 1 
2 School Science and Math’ | $2.8 50 
Birds and Nature.......... $1.50 Delineator . ‘ 
tlournal of Pedagogy ..... World Work .... coe 
*Suburban Life............ 3.00 School Science and Math'ics 
Technical World, .........+... « 1.50 7.50 
Review of Reviews: kan for 
3 Woman's Home C'mpan'n | $5.00 
tEducation ...... orany Class | 
Electrical Review ..........«... 3.00 School Science and Math’ics $ 
tElectrical Works coves BOO Ladies’ Home Journal.... 
Literary Digest. Good Housekeeping ...... $3.80 
Review of Reviews ............- 3.00 or any Class 1 J 3. 
Write us for prices of any other combinations you may wish. Do not 
delay. Doit now. Remit by Money Order or Chicago or New York 
exchange. 


SCHOOL SCIENCE AND MATHEMATICS 


440 KENWOOD TERRACE CHICAGO, ILL. 


Please mention School Science and Mathematics when answering advertisements. 
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GERMAN INSTRUMENTS IN CASES 


Of German Silver and Steel Points. 


Containing: Ruling Pen, 5% in., spring blade. 


” Steel Spring Bow Dividers, 3% in., metal handle. 

1 pr. Plain Dividers, 6 in. 

” 1 ** Compasses, 6 in., with fixed needle point, 


pen, pencil point and lengthening bar. 
Box with leads. 


By special arrangement with one of the largest dealers in the country 
we are enabled to make the following offers to our readers. 


For a short time we will send, prepaid, one set of these instruments 
with one subscription to ScHooL ScIENCE AND MATHEMATICS for $5.00. 


To any one who will send us 5 new subscribers at regular rates before 
Jan. 1, 1908, we will give as a premium one set of these instruments. 
Our clubbing rates on another page can be used in connection with this 


School Science and Mathematics, 


440 Kenwood Terrace, CHICAGO, ILL. 


Please mention School Science and Mathematics when answering advertisements. 
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REVIEWS 


Compiled from recent College Entrance Examinations. 
3,000 IN USE in many of the best High and Preparatory Schools. 


ALGEBRA 575 Problems and Questions. Classified 
’ | 295 Incomplete Equations. Second Edition 
CHEMISTRY ~ Methods of Solving Numerical Problems. Classified 
{460 Problems and Questions. Enlarged 
GEOMETRY AND TRIGONOMETRY (In preparation) 
\ 446 Problems and Questions. Classified 
PHYSICS 1 104 Questions for Review. 


Price 40 cents each. Liberal discounts. Sample copy half price. 
Address FRANKLIN T. JONES, University School, Cleveland, Ohio. 


WHEELER’S ALGEBRA 


8,000 Graded Examples. 

3.000 Mental E-rercises. 

Ghe best dewelopment of Algebra from Arithmetic. 
Examples in Physics. 


LITTLE, BROWN & CO. « #£BOSTON 


WATERBURY—A Vest-pocket Handbook of Mathe- 
matics for Engineers. 
By L. A. WATERBURY, C. E., Professor of Civil Engi- 
neering, University of Arizona. 2{ x5} inches. vi+91 pages, 
61 figures. Morocco, $1.00 net. 


| SCHAPPER—A Laboratory Guide for Students in Physi- 

cal Sciences. 

By H. Scuapper, Associate Professor in Charge of the 
Department of Physics, University of Arkansas. 12mo, 

v+6l1 pages, $1.00. 


SABIN— House Painting. 

) Glazing, Paper Hanging, and White-washing. A Book 
for the Householder. By ALVAH HORTON SaBIN, M. S. 

| 12mo, iv+121 pages. Cloth, $1.00. 


NORRIS—An Introduction to the Study of Electrical 
Engineering. 

By Henry H. Norris, Professor of Electrical Engi- 

neering, Sibley College, Cornell University. 8vo, v + 404 

c pages, 179 figures. Cloth, $2.50 net. 


JOHN WILEY & SONS | 
43 & 45 E. 19th ST., NEW YORK CITY | 
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C. H. STOELTING Co. 


SUCCESSORS TO 
THE CHICAGO LABORATORY SUPPLY AND SCALE CO. 
MANUFACTURERS AND IMPORTERS OF 


SCIENTIFIC APPARATUS AND SUPPLIES 
12-22 SOUTH GREEN STREET 


Chicago, Ill., Dec. 1, 1908 


TO THE SCIENCE INSTRUCTOR:- 

We take pleasure in announcing that we are now settled in 
our new quarters, and from this on will be in a position to serve 
you in a manner that we are confident will win your approval. 

Our manufacturing facilities have always been and still are 
of a superior order and with the additional space at our command, 
we have been able to increase these facilities to a point where 
they are.commensurate with the demand for our apparatus. It is 
impossible to determine with accuracy the yearly demand for the 
various pieces of apparatus as there are marked fluctuations and 
consequently we occasionally miscaleulate and run out of stock, 
but when this now happens we are in a position to replenish our 
stock on short notice and thus avoid extraordinary delays in 
filling orders. 

Our testing laboratory is under the personal supervision of 
competent physicists and all apparatus is subjected to a critical 
inspection before being placed in stock. For lanterns and other 
optical apparatus we have a dark room which is equipped with 
electrically operated curtains, switch-board for both direct and 
alternating currents and in fact everything required to test or 
demonstrate apparatus of this kind in a satisfactory manner. 

Our stock room is unusually large and provided with all the 
facilities required’to handle orders in an expeditious manner. The 
shipping force is larger than that usually employed in an estab- 
lishment of this kind and is made up of men who have had wide 
experience in the packing and shipping of scientific apparatus. 

If at any time you have occasion to visit Chicago or vicinity, 
we hope you will not fail to call on us. Our new show room con- 
tains a permanent exhibit of everything we manufacture or sell 
and we can assure you that a visit will be time well spent. 

In conclusion we ask for the privilege of filling your next 
order. We want you to compare OUR GOODS and OUR 
SERVICE with what you have been getting. 

Yours very truly, 


C. H. STOELTING CO. 


Please mention School Science and Mathematics when answering advertisements. 
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THE PUBLISHERS of Scuoot SciENcE aND MATHEMATICS purpose to 
issue the magazine on the 20th of the month preceding the date of 
publication. Material to appear in any number must be in the Edi- 
tor’s hands not later than the first of the second month immediately 
preceding. No numbers published for July, August and September. 


REQUEST. 

It is hoped that our friends and readers will try to increase the 
circulation of ScHoot ScreNcE AND MATHEMATICS among their friends 
and acquaintances. Sample copies will gladly be mailed to addresses 
furnished. 

Back numbers of School Science, Schoo] Mathematics, and ScHoor 
ScrENCE AND MATHEMATICS may be had for 25 cents a single copy. The 
Mathematical Supplements for 15 cents a copy. 

In sets the prices are, postpaid: 


School Science, Vol. I, seven numbers............-+eeeeeeeee - $1.50 
School Mathematics and Supplements, Vol. I, five numbers...... 1.00 


NEW YORK An entirely new plan for helping teachers to secure positions and for 


supplying schools with competent teachers. Write for full information. 


STATE TEACH- HORATIO M. POLLOCK, Mgr. MABEL A. HILL, Sec. 
ERS’ BUREAU 48 State Street, Albany, N. Y. 
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COLUMBIA WIMSHURST MACHINE 


Eight inch ebonite plates. Shipped set up. Guaranteed to start without — 
exciting and to work under all conditions of atmosphere. Over 1000 in actual use. 
Eight in the Laboratory of the University of Indiana. Price $9.50. 


Crowfoot battery, gallon size : : $ .55 
Ring stand, 3 rings . ; .40 
Graduated cylinder, 100 ce. .33 


Over 2400 quotations; 1200 illustrations in the Columbia Catalogue. You 
should have a copy. All goods guaranteed and sent on approval. 


COLUMBIA SCHOOL SUPPLY CO. 
INDIANAPOLIS, IND, 


Please mention School Science and Mathematics when answering advertisements. 
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Balopticon Model C 


HE school without a projection apparatus 

is deprived of one of the most useful 
factors in school work—from both an educa- 
tional as well as social viewpoint. Our Model 
C is sold at a price which brings it within the 


reach of every school. 


@ Send for illustrated circular and price list. 


@ Lantern C complete with electric lamp, $50.00; 
with acetylene burner $45.00. 


@ PRISM is a little magazine of lens informa- 
tion. Send for copy. 


@ Our Name on a Laboratory Apparatus, Photographic Lens, Field 
Glass, Microscope, Scientific or Engineering Instrument is our 
Guarantee. 


BAUSCH & LOMB OPTICAL CO. 


Chicago Frankfort 


be ROCHESTER, N. Y. 


Please mention School Science and Mathematics when answering advertisements. 
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SMALL CAPACITY TRANSFORMERS and 
ELECTRICAL LABORATORY APPARATUS 


Designed to connect to 
110 volt alternating cur- 
rent socket and step down 
to low voltages. 


{ Every laboratory supplied with an alternating current should 
have one of our small capacity transformers: suitable for operating 
Rubhmkorff and X-ray Coils or any other apparatus designed to run on 


a battery circuit. 
THORDARSON ELECTRIC MFG. CO. 
151-157 SO. JEFFERSON ST. . CHICAGO 


_ The Hemenway Oil Seal Air Pump 


For Compression 


f and Exhaustion Work 


is acknowledged by all who have used it to 
{ be the best School Pump on the market. 
It combines all the qualities of a high 
vacuum pump with the capacity and conven- 
ience of an ordinary large size pump. It has 
a working volume of 34.5 cu. in. per stroke 
and is perfectly positive. 

A pressure of 100 pounds to the square 
inch can be readily obtained and held indef- 
initely without being shut off from the pump. 

We guarantee this machine to be superior 
to any other school pump on the market. 


Sent on trial, freight prepaid, to any address 


J. S. HEMENWAY & CO. 
Patentees and Sole Manufacturers 


Write for Circular RIVER FALLS, WIS. 
Please mention School Science and Mathematics when answering advertisements. 
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2312. Electrolysis Apparatus (Osborne 
Form) for study of conductivity of 
liquids, ionization, electro-plating and 
electrolysis of water. 

This apparatus has been constructed 
to supply the urgent demand for a 
simple, substantial form of electrolytic 
apparatus that can be used to demon- 
strate the principles involved in the new 
theory of electrolytic dissociation. 

It consists of an outer U tube with 
graduated sliding tubes, shot valves, 
glass plug and platinum electrodes easily 
replaced by carbon or copper electrodes. 
It allows immediate change of liquids, 
permits the introduction of litmus, 
methyl orange, cloth for bleaching or 
any other indicator, is readily cleaned, 
requires ieast amount of liquid to fill it. 

Following are some of the many 
experiments for which it is used: 

First: Conductivity of distilled 
water, ordinary drinking water, dry 
salt, salt and water, dry sugar, sugar 
and water, hydrochloric acid in water, 
hydrochloric acid in toluene, dilute and 
ATTACHMEAT FOR concentrated solutions of any com- 
ELECTROLYSIS OF WATER pounds. 

No. 2312 Second: Study of Ions. Ions of 
copper sulphate, sodium chloride, sodium 
* sulphate, zine chloride, hydrochloric acid, potassium iodide, etc. 

-Third: Electro-plating by copper, silver and nickel salts. 

Fourth: Electrolysis of water and hydrochloric acids. The thistle 
tube and graduated sliding tubes are not used except for the electrolysis 
of water and hydrochloric acid. This is the only electrolysis apparatus that 
makes it possible for the volumes of both gases to be read at the same 


pressure. ; 
Complete as illustrated with instructions for use... ...... $ 5.00 
2315. Support for No. 2312 including binding posts ....... 1.65 


2316. Carbor Electrodes, two rubber stoppers fitted with 
carbon electrodes and connectors adapted to No. 


2317. Copper Electrodes, two rubber stoppers fitted with 
copper electrodes and connectors adapted to No. 


CENTRAL SCIENTIFIC CO. 


14-28 MICHIGAN STREET 
CHICAGO 
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